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^ To  assist  in  the  evaluation  of  proposed  structural  inspection  programs  for 
commercial  jet  transport  aircraft,  a logic  was  developed  to  simulate  structural 
defects,  failures,  and  inspections.  This  logic  was  Incorporated  In  a computer 
program  entitled  Structural  Area  Inspection  Frequency  Evaluation  (SAIFE) . With 
objective  of  quantifying  the  evaluation  process  currently  used  to  establish  and 
modify  inspection  intervals,  SAIFE  accounts  for  the  following  factors:  (1)  aircraft 
design  analysis;  (2)  fatigue  testing;  (3)  production,  service,  and  corrosion  de- 
fects; (4)  probability  of  crack  or  corrosion  detection;  and  (5)  aircraft  modifica- 
tion economics.  As  a five-volume  document,  this  report  covers  the  initial  contract 
effort  plus  a subsequent  parametric  analysis  as  follows:  Volume  I (entitled  Execu- 
tive Summary)  presents  the  SAIFE  logic  and  documents  the  methodology  for  the  de- 
cision-making processes  in  the  simulation  logic.  Volume  II  (entitled  Description  of 
Simulation  Logic)  details  the  SAIFE  simulation  logic,  presents  the  background  data 
for  the  analytical  functions  and  decision-making  processes,  and  includes  data  for  a 
typical  simulation  problem.  Volume  III  (entitled  Demonstration  Input,  Inspection 
Survey,  and  MRR  Data)  presents  data  tabulations  derived  from  historical  trends  and 
design  input  data  for  a SAIFE  demonstration  problem.  As  the  user's  manual  for  the 
SAIFE  computer  program,  Volume  IV  contains  detailed  computer  logic  flow  diagrams  and 
a complete  listing  of  the  program  which  is  written  in  SIMSCRIPT  II. 5.  Volume  V 
(entitled  Results  of  Model  Demonstration)  presents  the  results  of  the  program  appli- 
cation to  a hypothetical  aircraft  and  compares  these  results  with  the  service  ex- 
perience of  operational  aircraft. 
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PREFACE 


Technology  Incorporated  prepared  this  fourth  volume  of  a 
five -volume  report  to  document  tne  simulation  logic  for  the 
Structural  Area  Inspection  Frequency  Evaluation  (SAIFE)  in 
accordance  with  Article  II,  paragraph  B of  Contract  DOT-FA74WA- 
3493.  (Volume  IV  along  with  Volume  V completes  the  requirements 
of  Phase  III  of  the  contract.)  The  effort  is  sponsored  by  the 
Aircraft  Safety  and  Noise  Abatement  Division,  Systems  Research 
and  Development  Service  of  the  Federal  Aviation  Administration. 

The  principal  Technology  Incorporated  personnel  engaged  on 
this  program  were  Mr.  Carter  J.  Dinkeloo,  project  engineer,  who 
servod  as  principal  investigator;  Mr.  Martin  S.  Moran,  research 
engineer,  who  developed  the  model  for  the  SAIFE  computer  program; 
and  Mr.  Ronald  I.  Rockafellow,  program  manager. 

The  contract  monitors  for  the  FAA  were  Messrs.  Herbert  Spicer 
and  Charles  Troha  of  the  Aircraft  Safety  and  Noise  Abatement  Divi- 
sion. The  technical  monitor  was  Mr.  Arnold  E.  Anderjaska  of  the 
Flight  Standards  Division. 
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INTRODUCTION 


I . 


It  is  the  mutual  goal  of  the  FAA , airframe  manufacturers, 
and  air  carriers  to  constantly  improve  the  structural  integrity 
and  inspection  efficiency  of  civil  aircraft.  The  good  safety 
record  of  U.S.  air  carriers  indicates  that  the  current  process  of 
establishing  and  modifying  structural  inspection  programs  has 
been  successful.  However,  with  the  increasing  size  and  complex- 
ity of  second-  and  third- generation  transport  aircraft,  there  is 
a need  to  quantify  more  precisely  the  present,  subjective  evalua- 
tion process  which  relies  heavily  on  reliability  analyses  of  the 
new  design  and  on  operational  experience  of  similar  aircraft. 


Because  of  the  extreme  complexity  of  the  evaluation  process, 
a computer  simulation  of  all  critical  aircraft  service  life  as- 
pects was  judged  the  most  rational  means  for  quantifying  the  pro 
cess  more  exactly.  As  a five-volume  document,  this  report  docu- 
ments the  resultant  Structural  Area  Inspection  Frequency  Evalua- 
tion (SAIFE)  simulation  logic.  SAIFE  accounts  for  the  following 
factors:  (1)  aircraft  design  analysis;  (2)  component  and  full- 

scale  fatigue  testing;  (3)  production,  service,  and  corrosion 
defects;  (4)  probability  of  crack  or  corrosion  detection;  and 
(5)  aircraft  modification  econimics.  It  treats  these  factors  in 
a logical  sequence  that  realistically  represents  the  procedure 
currently  used  to  establish  and  modify  inspection  intervals. 
Figure  1 illustrates  the  data  sources  and  analytical  functions 
that  are  integrated  into  the  SAIFE  logic.  SAIFE  is  designed  to 
provide  a repeatable  method  for  evaluating  proposed  inspection 
programs.  However,  it  is  not  intended  to  supplant  the  Mainte- 
nance Review  Board  or  the  air  carrier  use  of  the  Standard  Opera- 
tions Specification  - Aircraft  Maintenance. 

As  Volume  IV,  this  user's  manual  for  the  SAIFE  program  con- 
tains a system  description,  a program  description,  operating  pro- 
cedures, a sample  input  and  output,  and  a source  listing  of  the 
program.  The  detailed  description  of  the  program  events  and  rou- 
tines is  presented  in  Appendix  A,  and  the  program  source  listing 
is  contained  in  Appendix  B which  because  of  its  voluminous  com- 
puter-generated data  is  on  the  included  microfiche. 

The  original  computer  model  developed  during  the  initial 
contract  has  been  modified  by  the  Engineering  and  Manufacturing 
Branch,  Flight  Standards  National  Field  Office  for  the  parametric 
study  and  is  documented  in  Book  2 of  this  volume. 
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II.  SYSTEM  DESCRIPTION 

The  eight  blocks  in  Figure  2 represent  the  major  aspects  of 
the  SAIFE  simulation  logic.  Block  1 accepts  input  data  for  the 
aircraft  fleet  and  for  each  structural  element  in  the  aircraft. 
After  determining  whether  element  modifications  are  required  be- 
cause of  the  fatigue  test  results  in  Block  2,  Block  1 assigns  a 
fatigue  life  to  each  element  in  each  aircraft.  Block  3 deter- 
mines whether  production,  service,  or  corrosion  defects  will 
occur;  if  it  is  determined  that  such  defects  will  occur.  Block  3 
predicts  the  times  when  they  will  occur.  After  comparing  the 
flight  loads  with  the  strength  of  each  element,  Block  4 predicts 
the  time  to  failure  for  each  element.  Block  5 conducts  the 
periodic  inspections  of  each  element.  If  defects  are  detected, 
Block  6 repairs  the  element  and  assigns  it  a new  fatigue  life. 
However,  if  an  existing  defect  is  allowed  to  grow  until  element 
failure,  Block  5 deletes  the  aircraft  from  the  fleet.  Depending 
on  the  magnitude  of  the  detected  defects,  special  inspections  and 
increased  inspection  frequencies  may  be  called  for  in  Block  7 and 
modifications  may  be  instituted  in  Block  8.  When  all  the  aircraft 
have  been  deleted  from  the  fleet  or  retired  from  service,  the 
simulation  is  complete. 
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Figure  2.  Major  Aspects  of  SAIFE  Logic 
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III.  GENERAL  PROGRAM  DESCRIPTION 


The  SAIFE  program  is  u large,  complex  math  model  designed  to 
simulate  the  structural  performance  of  aircraft  in  a fleet  of 
aircraft  and  the  effectiveness  of  the  inspection  program  for  the 
aircraft  fleet.  The  aircraft  model  included  in  the  math  model  is 
divided  into  structurally  significant  elements  and  the  inspection 
program  for  each  element  is  defined.  Structural  defects  are 
classified  as  follows;  fatigue  and  corrosion  which  are  wear-out 
and  aging  phenomena;  production  or  design  defects;  and  operational 
or  maintenance  damage.  These  defects  and  the  inspection  program 
are  treated  as  probabilistic  phenomena  interacting  over  time.  If 
the  simulation  is  to  proceed  properly,  the  passage  of  simulated 
time  must  be  controlled.  This  control  can  be  accomplished  by  a 
user-designed  algorithm  or  it  can  be  done  automatically  with  a 
"simulation  clock"  in  one  of  the  special  purpose  simulation 
languages.  SIMSCRIPT  II. 5 ^ (trademark.  Consolidated  Analysis 
Centers  Inc.,  Los  Angeles,  California),  a computer  language 
designed  for  discrete-event  simulation  applications,  was  chosen 
for  the  SAIFE  simulation.  SIMSCRIPT  II. 5 is  a large  language 
designed  to  facilitate  the  simulation  of  large,  complex  systems, 
and  to  reduce  the  total  time  spent  in  designing,  programming,  and 
testing  simulation  models. 

Because  of  the  extensive  detail,  the  program  events  and  rou- 
tines are  described  in  Appendix  A. 
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The  SAIPK  demonstration  output  presented  in  Volume  V of  this 
report  was  run  on  an  IBM  Model  3(>u-b5  computer  using  tho  SIMSCRIPT 
U,S  * compiler,  release  8P.  Tho  execution  time  per  element 
ranged  between  12  and  20  epu  seconds,  and  tho  compilation  time 
was  205  epu  seconds.  None  of  the  demonstration  runs  required 
more  than  525K  bytes  of  core  storngo. 

The  run  time  and  the  core  storage  requirements  depend  on  the 
values  of  the  input  variables.  The  variable  that  probably  has 
the  greatest  effect  on  those  requirements  is  the  actual  average 
fatigue  life.  The  shorter  the  life,  the  greater  the  requirement: 

A shorter  actual  average  fatigue  life  increases  crack  initiations 
across  the  fleet.  These  additional  crack  initiations,  in  turn, 
Increase  tho  inspection  process,  the  repair  activities,  and  the 
modification  and  interval  change  decisions.  All  these  additional 
events  require  more  execution  time  and  storage  space  for  event 
notices.  The  actual  average  fatigue  life  is  shortened  when  the 
parameters  involved  in  the  distribution  of  the  ratio  of  the  ac- 
tual to  the  predicted  average  fatigue  life  are  so  changed  that 
the  ratio  is  decreased. 

Other  variables  which  affect  the  run  time  and  core  storage 
requirements  are  as  follows:  with  the  actual  average  fatigue 
illo  established  for  all  aircraft,  in  the  fleet,  the  requirements 
are  increased  if  the  parameters  involved  in  the  Weibull  distribu- 
tion of  uctual  fatigue  lives  for  individual  aircraft  are  so 
changed  that  some  1 Ives  are  shortened  and  more  crack  initiati  'ns 
are  Introduced.  In  addition,  regardless  of  the  fatigue  lives, 
the  run  time  and  storage  requirements  are  increased  if  the  defect 
occurrence  rates  are  increased  or  the  initial  inspection  inter- 
vals are  decreased. 

Since  the  seeds  of  the  random  number  streams  are  initialized 
to  the  same  values  at  the  start  of  each  execution,  the  user  can 
reproduce  t ho  output,  if  desired,  and  more  easily  identify  ef- 
fects because  of  changes  in  the  input  parameters.  Table  1 lists 
the  ten  seeds  used  by  the  IBM  300-05  to  generate  the  demonstra- 
tion output  presented  in  Volume  V. 

2 . Input 

The  program  input  consists  of  three  parts.  The  first  part 
contains  input  variables  which  pertain  to  the  aircraft  type  under 
consideration.  These  variables  are  input  only  once  per  simula- 
tion run  and  are  constant  from  element  to  element.  The  second 
part  is  optional  and  is  explained  in  Section  IV, 2. 2.  The  third 
part  contains  input  variables  whose  values  are  unique  to  each 
element.  These  variables  must  be  input  in  their  entirety  for 
each  element  being  simulated. 
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TABLE  1.  INITIAL  RANDOM  ROOTS 


SHHD.V (1)  = 

2110429302 

SI: HI) . V ( 2 ) = 

683743814 

SHHD.V  (.3)  <= 

964393174 

SHED. V (4)  « 

1217426631 

SHHD.V (S)  « 

618433579 

SHHD.V  (6)  * 

1157240309 

SHHD.V (7)  = 

1 572605  S 

SHHD.V (8)  = 

48108509 

SHHD.V  (9)  «■ 

1797920909 

SHHD.V (10)  = 

477424540 

2.1  Aircraft  Data 


The  input  variables  which  pertain  to  the  aircraft  type  are 
listed  and  described  below  in  the  order  in  which  they  are  read  in 
by  SAIFE. 

MODEL (*)  - This  one-dimensional  alpha  array  of  size  two 
identifies  the  aircraft  type  under  consideration.  The  total 
length  of  this  identification  cannot  exceed  eight  characters 

SIZE . OF . FLEET  - This  integer  variable  is  the  number  of 
aircraft  in  the  fleet  being  simulated.  The  output  format 
requires  that  this  variable  does  not  exceed  99999. 

USAGE. LIFE  - This  real  variable  is  the  service  life  in 
flight  hours  of  the  aircraft  being  simulated.  All  aircraft 
in  the  fleet  must  have  the  same  service  life.  The  output 
format  requires  that  this  variable  does  not  exceed  9999999. 

BEGIN. PRODUCTION  - This  real  variable  is  the  time  in  flight 
hours  relative  to  the  start  of  the  simulation  when  the  first 
aircraft  enters  service.  This  variable  in  conjunction  with 
the  input  variable  START. TEST  enables  the  user  to  start  the 
fatigue  test  of  the  element  before,  after,  or  at  the  same 
time  the  first  aircraft  enters  service. 

PRODUCTION. TIME  - This  real  variable  defines  the  initial 
aircraft  production  rate.  It  is  the  time  in  flight  hours 
between  aircraft  entering  service. 

2 . PRODUCTION. TIME  - This  real  variable  defines  the  second 
aircraft  production  rate.  It  is  the  time  in  flight  hours 
between  aircraft  entering  service. 
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PRCHG  - This  real  variable  is  the  simulation  time  when  the 
second  aircraft  production  rate  takes  effect.  Note  that 
this  time  is  measured  from  the  time  that  the  first  aircraft 
enters  service  and  not  from  the  start  of  the  simulation. 

START. TEST  - This  real  variable  is  the  time  in  flight  hours 
relative  to  the  start  of  the  simulation  when  the  fatigue 
test  of  an  element  is  begun.  If  no  fatigue  test  is  to  be 
conducted,  this  variable  is  set  to  the  machine  upper  limit. 

TEST. ACCEL. FACT  - This  real  variable  is  the  fatigue  test 
acceleration  factor,  that  is,  the  quotient  of  the  equivalent 
flight  hours  divided  by  the  fatigue  test  hours. 

C. GROWTH. RATE  - This  real  variable  is  the  corrosion  area 
growth  rate  in  sq.  inches  per  hour  for  the  aircraft  being 
considered.  The  growth  rate  for  each  element  in  the  air- 
craft is  modified  by  its  associated  CRR  (corrosion  resis- 
tance rating) . 

C7  - If  a modification  is  developed  because  of  a fatigue 
test  failure,  this  real  variable  is  the  percentage  (ex- 
pressed as  a decimal  fraction)  of  the  test  life  when  the 
inspection  frequency  is  increased. 

C28  - This  real  variable  is  the  percentage  (expressed  as  a 
decimal  fraction)  reduction  in  the  remaining  fatigue  life  of 
an  element  when  corrosion  occurs  in  a stress  concentration. 

C29  - This  real  variable  is  the  percentage  (expressed  as  a 
decimal  fraction)  reduction  in  the  remaining  fatigue  life  of 
an  element  when  corrosion  occurs  outside  a stress  concentra- 
tion. 

MU. R - This  real  variable  is  the  mean  of  the  log-normal 
distribution  of  the  ratio  of  the  actual  average  fatigue  life 
to  the  predicted  average  fatigue  life. 

SIG.R  - This  real  variable  is  the  standard  deviation  of  the 
log-normal  distribution  of  the  ratio  of  the  actual  average 
fatigue  life  to  the  predicted  average  fatigue  life. 

A - This  real  variable  is  the  result  of  fitting  an  exponen- 
tial curve  to  flight  load  exceedance  data.  Aexp[BSa]  is 
the  number  of  flight  loads  per  hour  which  exceed  the  load 
level  Sa. 

B - This  real  variable  is  the  result  of  fitting  an  exponen- 
tial curve  to  flight  load  exceedance  data.  Aexp[BSa]  is 
the  number  of  flight  loads  per  hour  which  exceed  the  load 
level  Sa. 
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1ABCD(*)  - This  one-dimensional  real  array  of  size  four 
contains  the  initial  lengths  in  flight  hours  of  the  in- 
spection intervals  of  the  four  levels  of  scheduled  inspec- 
tions. 1ABCD(1)  corresponds  to  the  A-level  interval; 
1ABCD(2)  corresponds  to  the  B-level  interval;  1ABCD(3) 
corresponds  to  the  C-level  interval;  and  1ABCD(4)  corre- 
sponds to  the  D-level  interval. 

CABCD (*)  - This  one-dimensional  real  array  of  size  four 
contains  the  inspection  cost  at  each  level  of  inspection. 
CABCD(l)  corresponds  to  the  A-level  cost;  CABCD(2)  corre- 
sponds to  the  B-level  cost;  CABCD(3)  corresponds  to  the  C- 
level  cost;  and  CABCD(4)  corresponds  to  the  i>  level  cost. 


SAMPLING 


This  real  variaoie  is  the  percentage  of  tne  fleet 


to  be  sampled  during  a D-level  inspection. 

LONG. LIST  - This  alpha  variable  is  read  in  as  "YES"  when  the 
long  list  output  option  is  desired;  otherwise,  it  is  read  in 
as  "NO." 

PCCL  - This  real  variable  is  the  percentage  (read  in  as  a 
decimal  fraction)  of  the  element  critical  crack  length  at 
which  a crack,  which  initiated  internally,  becomes  external. 

2 . 2 Long  List  Data 

Occasionally  in  the  standard  output,  elements  will  appear 
with  unusually  long  fatigue  cracks  or  early  element  failures.  It 
is  desirable  to  have  a more  complete  service  history  of  aircraft 
with  these  early  element  failures  than  that  offered  by  the  stan- 
dard output.  This  service  history  is  available  through  what  is 
called  the  long  list  option.  This  output  option  is  accessed  by 
reading  in  alpha  characters  "YES"  for  the  aircraft  input  variable 
LONG. LIST.  After  this  input,  the  element  description  and  iden- 
tification numbers  of  the  aircraft  to  be  tracked  are  read  in. 

The  input  variables  for  the  long  list  option  are  listed  and 
described  below  in  the  order  in  which  they  are  read  in  by  SAIFE. 

NOE  - This  integer  variable  is  the  number  of  elements  to  be 
processed  under  the  long  list  option. 

ELIDf* , *)  - This  two-dimensional  alpha  array  of  size  four  by 
NOE  identifies  each  element  to  be  processed.  This  identi- 
fication must  appear  in  the  first  sixteen  columns  of  the 
data  card  and  must  be  identical  to  the  description  read  into 
the  variable  ELEMENT(*)  described  in  Section  IV, 2. 3. 

NOAC (*)  - This  one-dimensional  integer  array  of  size  NOE  is 
the  number  of  aircraft  to  be  tracked  for  each  corresponding 
element. 

TLID(* , *)  - This  two-dimensional  integer  array  of  size  NOE 
by  NOAC (*)  contains  the  identification  numbers  of  the  air- 
craft to  be  tracked  for  a particular  element. 
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The  above  data  are  read  in  inunodiatoly  following  the  air- 
craft input  data  only  when  the  long  list  option  is  desired.  Nor- 
mally, the  long  list  option  will  bo  used  only  after  a standard 
run  has  indicated  a problem  area.  Since  the  SAIFE  program  de- 
pends on  many  sequences  of  random  numbers,  all  elements  in  the 
long  list  run  must  be  in  the  same  sequence  as  those  in  the  first 
run.  When  the  long  list  option  is  in  effect,  the  standard  output 
is  suppressed. 

2 . 3 Element  Data  , 

The  input  variables  which  are  unique  to  each  element  and 
must  be  read  in  for  each  element  are  listed  and  described  below 
in  the  order  in  which  they  are  read  in  by  SAIFE. 

ELEMENT (*)  - This  one-dimensional  alpha  array  of  size  four 
identifies  the  element  being  simulated.  The  total  length  of 
this  identification  cannot  exceed  sixteen  characters. 

PREDICTED. LIFE  - This  real  variable  is  the  average  element 
fatigue  life'  in  flight  hours  predicted  by  analysis.  If  the 
actual  average  fatigue  life  is  known,  this  variable  can  be 
entered  as  zero.  The  output  format  requires  .that  this 
variable  does  not  exceed  999999. 

ACTUAL. AVG. FAT. LIFE  - This  real  variable  is  the  actual 
average  element  fatigue  life  in  flight  hours  determined  by 
fatigue  test.  If  this  value  is  not  known  before  running  the 
simulation,  input  zero  and  SAIFE  will  determine  it  statis- 
tically. 

Ml . MEAN  - This  real  variable  is  the  average  slow  crack 
propagation  rate  for  the  element  being  simulated. 

M2 . MEAN  - This  real  variable  is  the  average  fast  crack 
propagation  rate  for  the  element  being  simulated. 

LGHT. TO. FAILURE  - This  real  variable  contains  the  element 
crack  length  which  corresponds  to  zero  residual  strength  or 
level-flight  structural  failure. 

CRIT. CRK, LGT  - This  real  variable  is  the  element  critical 
crack  length,  that  is,  the  crack  length  when  the  crack 
propagation  rate  changes  from  slow  to  fast. 

FSAF .LGT  - This  real  variable  is  the  element  fail-safe  crack 
length. 

BIRTH. DEFECT. PROBABILITY  - This  real  variable  is  the  proba- 
bility  (expressed  as  a decimal  fraction)  that  the  element 
has  a production  defect  when  the  aircraft  enters  service. 

CRR  - This  integer  variable  is  the  element  Corrosion  Resis- 
tance Rating. 
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SDM.  OCCURRENCE. RATE  - This  real  variable  is  the  service 
damage  occurrence  rate  in  occurrences  per  eloment  per 
aircraft  per  flight  hour. 

LEAD. TIME  - This  real  variable  is  the  time  in  flight  hours 
botweon  the  time  when  the  doc is ion  is  made  to  develop  a 
modification  and  the  time  when  the  modification  is  ready  for 
implementation. 

T. FREQ. CHG  - This  real  variable  is  the  factor  (expressed  as 
a decimal  fraction)  by  which  inspection  intervals  are  de- 
creased because  of  a fatigue  test  failure. 

S . FREQ . CHG  - This  real  variable  is  the  factor  (expressed  as 
a decimal  fraction)  by  which  inspection  intervals  are  de- 
creased because  of  unfavorable  service  experience. 

FREQ. DECREASE  - This  real  variable  is  the  factor  (expressed 
as  a decimal  fraction)  by  which  inspection  intervals  are 
increased  because  of  favorable  service  experience. 

1 . PROB  - Given  that  there  is  fatigue  crack  initiation,  tnis 
real  variable  is  the  probability  that  the  crack  initiates 
internally.  This  variable  applies  to  all  three  allowable 
fatigue  cracks. 

C . PROB  - Given  that  there  is  corrosion  initiation,  this  real 
variable  is  the  probability  that  the  corrosion  initiates 
internally. 

INT. LVL . INSP  - This  alpha  variable  is  the  letter  designation 
of  the  lowest  internal  inspection  level. 

EXT. LVL . INSP  - This  alpha  variable  is  the  letter  designation 
of  the  lowest  external  inspection  level. 

A.  REPAIR. COST  - This  real  variable  is  the  repair  cost  of  a 
defect  detected  during  an  A-level  inspection. 

B.  REPAIR. COST  - This  real  variable  is  the  repair  cost  of  a 
defect  detected  during  a B-level  inspection. 

C.  REPAIR. COST  - This  real  variable  is  the  repair  cost  of  a 
defect  detected  during  a C-level  inspection. 

D.  REPAIR. COST  - This  real  variable  is  the  repair  cost  of  a 
defect  detected  during  a D-level  inspection. 

MOD. TESTED  - This  alpha  variable  indicates  whether  or  not  a 
structural  modification  is  to  be  fatigue  tested.  The  two 
acceptable  input  values  are  YES  or  NO. 

1ST. TOOLING  - This  real  variable  is  the  tooling  cost  in  the 
development  of  the  first  structural  modification. 
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AD .TOOLING  - This  real  variable  is  the  tooling  cost  in  the 
development  o£  any  additional  structural  modifications. 

1ST. MD. COST  - This  real  variable  is  the  installation  cost  of 
the  first  structural  modification. 

AD. MD. COST  - This  real  variable  is  the  installation  cost  of 
any  additional  structural  modifications. 

S, REPAIR. COST  - This  real  variable  is  the  repair  cost  of  a 
defect  detected  during  a special  inspection. 

LOCATED. IN. STRESS . CON  - This  real  variable  is  the  proba- 
bility  (expressed  as  a decimal  fraction)  that  there  is 
corrosion  in  a stress  concentration. 

1 .  CDM. OCCURRENCE. RATE  - This  real  variable  is  the  initial 
corrosion  occurrence  rate  in  occurrences  per  element  per 
aircraft  per  flight  hour. 

2 .  CDM. OCCURRENCE . RATE  - This  real  variable  is  the  second 
corrosion  occurrence  rate  in  occurrences  per  element  per 
aircraft  per  flight  hour. 

CDM. RATE .CHANGE  - This  real  variable  is  the  aircraft  service 
time  in  flight  hours  when  the  second  corrosion  occurrence 
rate  takes  effect. 

2 . 4 Format  Specifications 

Most  of  the  input  data  are  entered  into  SAIFE  by  the  free  - 
form  read  statement.  The  program  has  only  three  formatted  read 
statements . 

The  aircraft  type  identification,  the  alpha  array  MODEL,  is 
entered  under  the  format  specification  2A4 . This  identification 
must  be  contained  in  the  first  eight  columns  of  the  first  card  of 
the  Aircraft  Input  Data.  All  subsequent  data  in  this  section  can 
appear  in  any  columns  and  on  as  many  cards  as  desired.  All  input 
values  must  be  separated  from  one  another  by  at  least  one  blank 
column  and  a value  cannot  be  continued  on  the  next  card. 

The  element  identification  alpha  array  ELID  is  entered  under 
the  format  specification  4A4.  This  identification  must  be  con- 
tained in  the  first  sixteen  columns  of  the  long  list  element  data 
card.  Subsequent  data  can  appear  in  any  column  and  on  as  many 
cards  as  desired.  When  a second  element  is  to  be  .identified,  its 
description  must  again  appear  in  the  first  sixteen  columns  of  the 
data  card. 

The  element  identification  alpha  array  ELEMENT  is  entered 
under  the  format  specification  4A4.  This  identification  must  be 
contained  in  the  first  sixteen  columns  of  the  first  card  of  each 
set  of  Element  Input  Data.  As  in  the  Aircraft  Input  Data,  all 


subsequent  data  in  this  section  can  appear  in  any  columns  and  on 
as  many  cards  as  desired. 

Sample  input  data  consisting  of  Aircraft  Input  Data  and  five 
sets  of  Element  Input  Data  are  illustrated  in  Figure  3.  The  air- 
craft type  identification  is  HYBRID.  The  two  cards  immediately 
following  the  aircraft  type  card  contain  the  Aircraft  Input  Data. 
The  five  elements  shown  in  the  sample  are  WSC-SWB-AFT-0000,  WSC- 
SWB-AFT-  0030  , WSC-SWB-AFT- 0060 , WSC-SWB-AFT-0090,  and  WSC-SWB- 
AFT-0127.  The  Element  Input  Data  for  each  element  begins  immedi- 
ately after  the  element  identification  on  the  same  card  and 
terminates  on  the  last  card  before  the  next  element  identifica- 
tion. The  card  following  the  last  set  of  Element  Input  Data  must 
contain  EOD  in  the  first  four  columns. 

HYBRID 

50  0 60000  150  50  1 00  5000  0 100  .00?  ,H  ,?0  . 4 0 1.00  , 35U  . ?8a *25 

-8. 60901  ?S  POO  1 000  1 ?00Q  luuo  7080  1 3563  19*91  ,?5  NO  1.0 

W$C-SwH-AF 1-0000  7«5?00  0 8.G0E-S  l.bOF-3  1U0.  1.371  15.0  1.19E-5  ? 

13.31E-9  1076  .800  .650  .?50  .066  .667  D 8 33  78  100  ?08.5  YES 

10000  lOOoO  11580  11580  116  .056  9.1S0F-Q  7.5P6E-P  7O00 

W$C-Sw8-AFT-0030  690000  0 8.00E-5  1.601-3  100.  1.371  15.0  ].1«E-S  3 

13.31E-9  1076  .800  .650  . ?S0  .066  .667  t'  8 33  76  1 <iu  ?06.S  YES 

10000  1 0000  1 1580  1 1580  '116  ,05h  9.150E-9  7.5P6E-8  7000 

WSC-S*8-AFT-u060  66?000  0 8.00F.-5  1.60E-3  1 00.  1 . 371  15.0  1 . 19E-5  1 

13.31E-9  1 076  .800  .650  ,? 50  .0*6  .667  t>  b 33  76  lao  ?0M.S  YES 

10000  10000  11580  11580  0 1 6 .056  9.150E-Q  7.5P6E-8  7000 

wSC-SrtH-AFT-0090  5 9 3 0 0 0 0 8. DOE-5  1.60E-3  100  . 1.371  15.0  1.19E-5  ? 

13.31E-9  1076  .800  .650  . ?S0  .066  .667  D 8 33  78  100  ?08.5  YES 

10000  10000  11580  11580  016  .05b  9.180E-9  7.526E-6  7000 

*SC-S*8-AFT-01?7  60  7?0  0 0 8.00E-5  1.60E-3  loO.  1.371  15.0  1.19E-5  3 

13.31E-9  1076  .800  .650  , P50  .066  .667  D h 33  78  loo  ?08.5  YES 

10000  10000  1 158a  1 1580  016  .05b  9.150F.-9  7.5P6E-6  7000 

EOD 

Figure  3.  Sample  Input  Data  to  Produce  Standard  Output 


Figure  4 illustrates  the  same  data  except  that  the  variable 
LONG. LIST  is  now  entered  as  "YES."  The  Long  List  Input  data 
appears  between  the  Aircraft  Input  Data  and  the  Element  Input 
Data.  The  Long  List  Input  causes  the  program  to  track  aircraft 
numbers  100,  200,  and  300  for  the  element  WSC-SWB-AFT-0000;  air- 
craft numbers  86  and  497  for  the  element  WSC-SWB-AFT-0030 ; air- 
craft number  1 for  the  element  WSC-SWB-AFT- 0060 ; aircraft  numbers 
9,  10,  11,  and  12  for  the  element  WSC-SWB-AFT-0090;  and  aircraft 
numbers  323,  456,  and  472  for  the  element  WSC-SWB-AFT-0127. 

3.  Output 


Each  element  to  be  simulated  by  SAIFE  is  identified  by  three 
groups  of  alpha  characters  and  one  group  of  numeric  characters. 
The  alpha  characters  define  the  basic  element  type  and  general 
location  on  the  aircraft,  and  the  numeric  characters  define  the 
specific  location  of  the  element  by  identifying  the  wing  or 
fuselage  station  number.  For  example,  an  element  identified  as 
WNG-STR-CEN-396  would  be  a wing  stringer  located  midway  between 
the  front  and  rear  spars  and  centered  at  wing  station  396. 
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HYBRID 


500  60000  150  SO 

l o o 

5000 

0 

100 

-8.80901  25  200 

c 

1000 

1 2000 

1440 

WSC-SrtB-AFT-OOOO 

3 

1 00 

200 

300 

WSC-SWB-AFT-0030 

2 

86 

49  7 

WSC-SwB-AFT-0060 

1 

1 

wSC-SrtH-AFT-0090 

4 

9 

10 

1 1 

wSC-SwB-AFT-0127 

3 

323 

45  6 

472 

WSC-SWB-AFT-OOOO  745200 

0 8 . 

OOF- 

5 1. 

.002 

7080 


.8  .20.  .an  1.00  .354  .264325 

13563  19691  .? S YES  1.0 


1? 


19F-5  2 


140,  1.371  15.0  1, 
13.316-9  1476  .800  .650  .250  .466  .667  0 B 33  78  144  208.5  YES 

10000  10000  11584  11584  416  .056  9.154F-9  7.5266-8  7400 

wSC-SWH-AFT-0030  690000  0 8.00E-5  1.60F-3  140.  1.371  15.0  1.196-5 


13.31E-9  1476  .800  .650 
10000  10000  11584  115«4  4 
WSC-SwB-AFT-0060  662400  0 
13.31E-9  1476  .800  .650 
1 0000  10000  1 1584  1 1584  4 
WSC-SWR-AFT-OQ90  S9J400  0 
13.316-9  1476  .800  .650 
10000  10000  11564  1 1584  4 
WSC-SrtR-AFT-0127  607200  0 
13.31E-9  1476  .600  .650 
10000  10000  U5«4  11584  4 
EQO 


.250  ,46b  .667  D H 33  76  144  208.5  YES 
16  .05b  9 , 1 5 4 1 - 9 7.526F-6  7400 

8.00E-5  1.60F-3  140.  1.371  15.0  1.19E-5  1 

.250  .466  .667  D B 33  78  1 44  208.5  YFS 
16  .056  9.154E-9  7.526E-8  7400 

P.OOE-5  1.60F-3  140.  1.371  15.0  1.19F-5  2 

.250  .466  .667  D 8 33  78  144  208.5  YES 
16  .056  9.154F-9  7.526E-8  7400 

8.00E-5  1.60F-3  140.  1.37)  15.0  1.19E-5  3 

.250  .466  .667  0 8 33  76  144  208.5  YES 
16  .056  9.154E-9  7.52hE-6  7400 


Figure  4.  Sample  Input  Data  to  Produce  Long  List  Output 


The  standard  program  output  consists  of  two  parts.  The 
first  part  consists  of  the  simulation  results  for  each  specific 
element.  This  part  is  printed  for  each  set  of  Element  Input 
Data.  The  second  part  consists  of  a summary  of  the  first  parts 
for  an  element  type.  In  the  example  discussed  above,  WNG-STR-CEN 
identifies  the  element  type.  Whenever  the  program  encounters  a 
set  of  Element  Input  Data  in  which  any  single  character  of  the 
three  groups  of  alpha  characters  differs  from  those  in  the  pre- 
vious set  of  Element  Input  Data,  a summary  is  printed. 


A third  output  is  available  as  an  option.  This  long  list 
•option  gives  a more  complete  service  history  of  certain  selected 
aircraft  and  is  discussed  in  Section  IV, 2. 2.  When  the  long  list 
option  is  in  effect,  .the  standard  output  is  suppressed. 


3,1  Element  Data 


Figure  5 illustrates  a sample  output  for  the  input  shown  in 
Figure  3.  The  aircraft  type  identification  is  the  aircraft  input 
array  MODEL.  The  number  of  aircraft  in  the  fleet  is  the  aircraft 
input  variable  SIZE .OF. FLEET.  The  aircraft  service  life  is  the 
aircraft  input  variable  USAGE. LIFE.  The  structural  element 
identification  is  the  element  input  array  ELEMENT.  The  predicted 
average  fatigue  life  is  the  element  input  variable  PREDICTED. LIFE . 
The  actual  average  fatigue  life  is  the  element  input  variable 
ACTUAL. AVG. FAT. LIFE. 
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Thu  number  of  occurrences  in  the  fleet  and  the  times  to 
Initiation  of  the  four  types  of  aircraft  defects  considered  by 
SAI1*H  are  displayed  next,  Whenever  there  la  a fatigue  crack 
initiation  and  there  are  no  other  cracks  in  the  element,  a first 
crack  is  said  t,o  have  occurred.  A single  element  can  experience 
more  than  one  first  crack  in  its  lifetime  by  having  a crack 
initiation  after  a repair,  Similarly,  there  can  be  more  than  one 
occurrence  of  corrosion  and  service  damage,  although  tho  program 
does  not  allow  more  than  one  corrosion  or  service  damage  defect 
to  exist  simultaneously  in  the  same  element. 

Production  defects  are  one-time  occurrences  unless  there  Is 
a structural  modification  installed.  These,  too,  can  have  pro- 
duction defects.  The  times  to  defect  Initiation  are  measured 
from  the  time  when  the  aircraft  enters  service  for  tho  initial 
defects  and  from  the  time  when  tho  aircraft  was  last  repaired  for 
subsequent  defects, 

Next,  the  number  and  lengths  of  cracks  dotectud  in  the 
fleet  at  each  ievel  of  inspection  are  printed.  These  numbers 
include  second  and  third  crack  detections,  following  the  crack 
detection  output  are  the  number  and  areas  of  corrosion  defects 
detected  in  the  fleet  at  each  level  of  Inspection,  A history  of 
the  Inspection  interval  changes  Is  printed  next,  liach  time  that 
the  aircraft  service  experience  indicates  that  either  an  interval 
increase  or  an  Interval  decrease  is  needed,  the  new  interval 
values  are  printed,  Although  the  number  of  interval  changes 
allowed  In  the  simulation  Is  unlimited,  the  output  array  si;*.e 
limits  the  number  printed  to  30, 

The  number  of  fleet-wide  special  inspections  performed  > 
printed  next,  liach  special  Inspection  is  always  preceded  by  a 
decrease  in  inspection  intervals.  Defects  detected  during  a 
special  inspection  can  cause  an  additional  decrease  in  inspection 
intervals.  Next,  the  number  of  structural  modifications  developed 
ts  printed.  This  number  includes  modifications  because  of  fatigue 
test  failures  or  aircraft  service  experience.  The  final  actual 
average  fatigue  life  Is  printed  next.  If  there  have  been  no 
modifications,  this  number  will  he  the  same  as  that  at  the  ton  of 
the  page,  If  there  have  been  modifications,  this  number  is  the 
actual  average  fatigue  life  of  the  most  recently  developed  modi- 
fication, 


Shown  next  s the  number  of  aircraft  modified  in  service.  J 

If  the  onlv  modi t icat ion  developed  was  duo  to  a fatigue  test  1 

failure,  this  number  cun  be  aero  if  tho  test  life  was  such  that  ? 

retrofits  wore  not  roqired,  If  there  were  more  than  one  modifi-  ) 

.cation  requiring  retrofits,  this  number  can  be  greater  than  the 
size  of  the  fleet,  Finally,  each  time  an  aircraft  experiences  \ 

structural  failure  or  its  residual  strength  reaches  its  fail-safe  I 

.strength,  tho  aircraft  number  and  the  number  of  accrued  flight  | 

hours  are  printed,  Tho  aircraft  number  is  assigned  by  its  rola-  i 

tlve  time  of  entry  into  service.  Aircraft  No.  1 is  the  first  J 

aircraft  to  enter  service,  | 


3.2  Summary  Data 


Tho  last  suction  of  Figure  S illustrates  u sample  summary 
for  the  element  type  WSC-SWB- AIT.  All  the  numbers  represent  a 
summary  of  all  tho  specific  elements  of  this  type,  lixeopt  for 
the  shortest  and  longest  inspection  intervals,  each  number  in  tho 
summary  will  appear  in  one  of  the  specific  element  outputs.  As 
indicated  earlier,  the  number  of  interval  changes  ul lowed  in  tho 
simulation  is  unlimited,  and  the  number  printed  for  a specific 
element  is  limited  to  30.  The  shortest  and  longest  intervals 
printed  in  tho  summary  are  determined  from  the  unlimited  number 
of  changes  occurring  in  the  simulation. 

3 . 3 l.o ng  hist  Data 

figure  o illustrates  a sample  long  list  output  for  the  input 
shown  in  figure  •) . for  each  element  the  long  list  headings 
contain  the  following:  aircraft  description,  number  of  aircraft 
in  the  fleet,  aircraft  service  life,  element  description,  pre- 
dicted average  fatigue  life  of  the  element,  actual  average  fa- 
tigue life  of  the  element,  and  the  initial  inspection  intervals, 
for  each  aircraft  being  tracked,  the  long  list  option  causes 
selected  information  to  be  printed  each  time  the  program  control 
passes  to  certain  events  and  routines.  These  events  and  routines 
along  with  the  information  printed  are  the  following: 


liven t liNTH R SllHV I Cli  - Prints  aircraft  identification  number, 
number  ofTvour’s  Tram  start  of  simulation,  projected  flignt 
hours  until  crack  Initiations,  and  the  slow  and  fast  crack 
growth  rates. 

Rout  l no  l NSTA1.1.,  MOD  1H  CATION  - Prints  aircraft  Identifica- 
tion liumh'e r , T tTgTTFTl mo  an  aircraft,  flight  hours  until 
crack  Initiations,  and  the  slow  and  fast  crack  growth  rates. 

livent.  1 N . SliRV  l Cli . DAMAGli  - Prints  aircraft  identification 
number'  and'  fTFglit  fTmo”on  aircraft. 

live  lit  CORROSION  - Prints  aircraft  identification  number, 
f 1 1 g h t t fine  'off  "a  1 r c r a f t , revised  slow  and  fast  crack  growth 
rates,  revised  times  until  crock  initiations,  and  revised 
time  until  failure. 

livent  1 . STKUNGTH . R1IDUCT 1 ON  - Prints  aircraft  identification 
number,  “FTIglvt ""t i mo  on  aircraft,  and  projected  flight  hours 
until  element  falluro, 

livent  2 . STRUNGTjj.  RU  DUCT  ION  - Prints  aircraft  identification 
number,'  fl  ight J t lmo  on  uTrcraft,  and  projected  flight  hours 
until  element  falluro. 


1 1 
* », 


Event  3 . STRENGTH , HliDUCTI  ON  - Prints  aircraft  identification 
n uniter , "7TTgh t time  on  aircraft,  and  projected  flight  hours 
until  clement  failure. 

Event  1 . ITE  - Prints  aircraft  identification  number,  length 
of  cra>ck,  "and  flight  time  on  aircraft. 

Event  2. ITE  - Prints  aircraft  identification  number,  length 
br~ rack , and  flight  time  on  aircraft. 

Event 3. ITE  - Prints  aircraft  identification  number,  length 
bT  cracKT  and  flight  time  on  aircraft. 

Event  1).  LEVEL.  INSPECTION  • Prints  aircraft  identification 
ifinnheT'a mTTTT gift ' H me"  on  aircraft.  If  an  inspection  inter- 
val increase  is  implemented  at  this  timo,  revised  intervals 
are  also  printed. 

Routine  EXAMINE  - For  each  defect  found,  prints  site  of  de- 
fect ,"To\Tel  of"inspoct  ion,  aircraft  identification  number, 
and  flight  time  on  aircraft. 

Event.  REACH . PA  i l. . SAFE . LOT  - Prints  aircraft  identification 
nuhib'o'r  u iuT"TlTglu  time  d n aircraft. 

Event  FAILURE  ••  Prints  aircraft  .identification  number, 

TTlglVt  time  on  aircraft,  sum  of  crack  lengths,  and  element 
residual  strength. 

Event  RF.TI  RE . FROM.  SERVICE  - Prints  aircraft  identification 
number  anT”TTTglft  Time  on  aircraft. 

Event  REPAIR  - Prints  aircraft  identification  number  and 
p ro  j cctod~tTme s to  crack  initiations. 

Event  INCREASE.  INSPECTION.  FREQUENCY  - Prints  revised  C-  level 
a iuTTJ - love  F ' I n s p c c t Ton  l’n t e rva  1 s . 

Event  IMMEDIATE . FLEET . INSPECTION  - For  each  defect  found, 
print s type  o f'd’ef ecT/  s He  of  defect,  aircraft  identifica- 
tion number,  and  flight  time  on  aircraft. 
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* t e C N * T tYMEl  HYHHtD 

s i i m f h of  aihcwafi  tt*  fifmi  soo  aimchafi  sittvtcF  i.ifm  soooo  moods 

SIHUCTUDAl  fl£D»Nt|  Yi8C*a'i(,-*fT*0M1(' 

DMfniCtP'  * *t tfinF  itFtt  ?uS?oo  mhuws  acioai  avF.dare  rHK"f  i'*f»  b/oinH  ^ 

IMMH  INSPK'UON  tMF«YAl.R 

A-lf.Vfl  PS  KlHIHR 

K.ifvti  poo  hoods 

C-lfVFl  IOO(v  MOODS 

o»ifvh  ipnoo  ih'Hws 

A/C  E.o,  100  EMF«S  SEWvICt  Mrtrt  mOiiwH  twits  StASt  OF  S ! ‘ Hi  A I |n*( 

IS!  CDAC*  |«I ! 1 A I 10-i  DDo.IEC  IFO  At  b •»  AS  A**  FLlr.Hl  MOl/WS 

P‘n)  C'UC*  1st  UA11H-,  PDIJ.If  C tt !'  At  MMM«  FiIC.mT  HiJuWS 

Ipo  fP.ir*  IKlIIAItOn  PtO'.lFCU'o  AT  SlPpOn  Fl|(.Ht  HOODS 

Sli'vv  c p a c h r,Mo*lM  paIE  s .oftoftHO  I*  C"l  S/mum 

EASt  reAC*  r.UO.vTw  PAIE  t ,0'lbOS  1 KC  ME  S /Hi  HH« 

INSPECT  fl'l  IMHWVAI.  I'lCPEASE  tnb|.f  Mf  KIEI' 

C.IEvFI,  fllFDvAl  IPSO  M.iliPS 

"•IE  V F L JHIMEYAl  in.  ISOOO  iiitijus 

A/C  NO,  POO  I MIPS  SEDUCE  ISuS"  MOODS  rpl'D  MAPI  OF  SflllAtto' 

t S f CDAC*  I N 1 1 | A I | HE'  PDnjFCTEO  At  7><bb.iK  FiIC.mT  mi'IhkS 

P',0  CUP*  fit  t 1 A I t"'1  i'Ufl  IE  C tF  O At  | |0|uSl>  Flt(«Mt  Hri.ibS 

sdh  r-»An<  ftriAttOE.  uwnjHtFri  At  tiipooh  Fitr.«t  mOods 
Sl"Y  CDACK  RD'l.ltM  WAtf  » ,101(017(1  (IiCmE  S/mIUiD 

FAS!  '"SAC*  C.UHslK  SAtE  s . 001  ‘A  <30  1 A C Ml  S /MOI.'P 

n*LEvEl  ISSPECtflS  PFDFIM1*E0  O'1  A/C  Ml,  | Oil  At  IPOOP  Mlm«S 

A/C  A"',  too  FMrPS  SE.ftCF  PNi'SO  HlUiES  FBOV  NIADt  OF  S | A HI  A t 1 1 !• . 

|St  C S AC  * flttlAMTi  Hm.lFCtFO  At  SSb|0|  FlfiMl  mOOMS 

P'lO  CSAC*  t a.  I t t A I t * 1 I MSO.IK' tF.O  At  MS  A | MO  EltC.Ht  M0l|P5, 

IDO  pUAC*  t A|  t 1 1 A I 10:.  PDOJECIFn  At  lPoa?bJ  Hlr.Ml  MIIIJMS 

«AL  ll  V C«AC«  RATIO  I II  SAIF  I ,0|I|10I>«  tAfMkS/MOoW 
a A S I CD  AC*  11*1*1*  -AM  a ,00|«M  t A C ME  S / Mill  IE. 

I'-lEO'Fl  I'lSHFCTIOS  PF  DF.IUS'E  H OS  A/C  All',  POO  ,\  | IPlU'O  MlHl/S 

t'lSME  C t I O'!  IStFPvAL  1 1 1 C * E A S E 1 >‘P(.  E "E  A t F O 
C • l E / F*  l_  t A.  T F s V At  Ml.'  |Nbl  aO"SS 
O-LEv'l  I’.TE'SVAl  I HtSO  A., HIPS 

H-lFvFl  | SPf  Cl|Ol  PE'  D F ■ IP*  FI'  it  A/C  *"0.  )fO  AI  P7000  MI..IJPS 

n*|_EVF|  f.SPFftlOS  PEmF.ik'-MC  III.  A/C  »T,  100  At  IPOOII  EHipPS 

O-lEvfl  I vSPE  c I I'T.  PEdF  IWO'EO  * i*  A/r  El'.  Pi'll  At  PlOOO  mlilPE. 

I *i  S c E p I I . f.|  | M E P v A I.  liC-FASE  | >•  Pi  E *'E  !■  I E n 
C • l E V F C JEltE'OvAl  1,11.0  I0S1  Mill, MS 

fl  —l  F P M L flttPYAI  '|M'.  P \U  to  MlUIPS 

n-iEvH.  t ||SPF  C t l»s  PAPF.P'-Fn  Of  A/r  m,  |il.  A!  uS/SO  MilfSS 

n-LEYE'L  | \l  SPF  C T | ON  PE  aFi'S-I'E  0 ON  A/f  10,  10(1  At  107S0  M'.ll'WS 

O-lFVEl  t'lSOFCUOl.  PEMEilPTFO  I'll  A/p  pop  A!  OP7R0  Ml. (IPS 

A/C  "HI.  |00  PFTIOfn  EPpIM  SFSI/tCE  At  SOdOO  H|G“I  Mfll'SS 

A/C  III.  poo  UFfIPFII  F Mil1/  SfPVICF  At  EiOddO  Fl.tl.Ht  HllUWS 

O-IFVFI.  I jSPFp  tins  PE  PF  itPl'E  I)  fl.'j  A/C  Ml.  1011  At  SUIAFl  HUllWS 

A/C  V.  100  PFttPfn  tSI'*.'  .SFPVICF  At  bddOO  Hir.ht  HIHJPS 


tEiSPEC  rill'l  fl  FPVAl  I'ECHFASF  |MP(FMFEItEO 
C • l F V F l t : t F O V A L 'JI'MI  bftu  HHOHS 
O-LEVFL  1 1-  T F 0 V A l III!.'.  H?d5  MOIipS 

a.  Structural  Element:  WSC-SWB-AFT- 0000 


| ; Figure  6.  Sample  Long  List  Output  Produced  by  Input  Shown 

* | in  Figure  4 


HfH  " ■ special  rst'Kiio1-  MMnmk'fr 

t NSPfC t |,'N  |MIEWyAl  I'l'HEAHE  | k'Pl  I u>  *'H  I" 
C«l.fv*V.  IMERvAl  K11"  »•'«  hOuWS 

H . L E V F I,  (MEHvAl  Mia  I I'pVll  Minus 

[USRF  f 1 \.|'i  IMINtl  INCREASE  I WPI  E ’*F  ME  D 
r»Uv»l.  IMIlvM  Mia  IOhD 

n-ttvfi.  mi*  |PHI7  hour  ft 


a.  Structural  Element:  WSC-SWB- APT-0000  (Concluded) 


aircraet  i > pe i hybrid 


NUMBER  OF  AtRCRAFT  IN  FLEFTt  SOO 


AIRCRAFT  SERVICE  Lt*tl  hOPfH'  HOURS 


STRUCTURAL  (IfMFNT:  wSC-SwA*»FT-00AR 


PREDICTED  AVERAGE  FATIGUE  L|EFt  AROnon  HOURS 


ACTUAL  AVERAGE  fttlttllf  UFFI  a?U?M  "OURS 


IMtTUi.  INSPECT  I ON  INTERVALS 

A-LfvEL  2S  HOURS 
H. LEVEL  ?00  HOURS 
C-LFVFL  1 000  HOURS 
D-LEVll  \?000  HOURS 

4/C  NO.  Ah  ENTERS  SERVICE  uaDO  HOURS  PROM  START  Of  SIMULATION 

1ST  CRACK  INITIATION  PROJECTED  AT  SlaOKO  FLIGHT  HOURS 

silo  CRACK  INITIATION  PROJECTED  AT  buuhfta  ELHinT  HOURS 

APO  CRACK  TMTTAUON  PROJECTED  AT  h a t a a I FLK.HT  HOURS 

SLOa  CRACK  C.ROaTh  RATE  s . 0000M  INCE.ES/HOUft 

EAST  C RACK  GROM*  rate  « .OOlaoS  INCHES/hDuR 

INSPECTION  | N T E P V A L INCREASE  IMPLEMENTED 
C-LEVEL  INTERVAL  VIM  I /SO  HOURS 

rj. LEVEL  INTERVAL  not.  ISOOO  HOOPS 

D-LEvEL  INSPECTION  PERFORMED  ON  A/r  u>.  Ah  at  T/OOO  hours 

INSRFCHON  INTERVAL  1NCRFASF  IMPLFMFNTEr 
C-LEVEL  INTERVAL  nO«  1Sh3  HOURS 

n-LFVFL  INTERVAL  NOW  l«7S0  hDliRS 

0»LE V F L INSPFCTTON  PERFORMED  ON  A/C  NO.  ftb  A7  27000  HOU«S 

A/C  NO.  aR7  FNTFB3  SF.RVTCE  aa7S0  HOURS  from  START  OF  SIMULATION 

1ST  C RACK  INITIATION  PROJECTED  AT  MUala  FLIGHT  HOURS 

CQACK  INITIATION  P^OJfCTPr  AT  FLIGHT  WOUWS 

JRO  CR«K  InUIaIiuN  PROJECTED  AT  N*?SaR  FLIGHT  HOURS 

oifjv,  CRACK  growth  PATF.  = .000073  INCHFS/HpUP 

FAST  CRACK  GROWTH  PATF  = .OOlahS  JATheS/hOUW 

INSPECTION  INTFRVAL  INCREASE  IMPLEMENTED 
C-LEVF.L  INTERVAL  MU'  1RS3  HOURS 

0-LEVFL  INTERVAL  NOw  23a38  HOURS 

O-LEVFL  INSPECTION  PERFORMED  ON  A/C  NO.  Ft>  AT  “S750  HOURS 

O-LEVEL  INSPECTION  PERFORMED  ON  A/C.  NO.  RR7  AT  1?000  HOURS 

A/C  NO.  S6  RETtREO  FROM  SERVICE  AT  t-0000  FLIGHT  HOURS 

D-LFVEU  INSPECTION  PeRFnRMeO  ON  a/C  NO.  RR7  AT  3sa?9  HOURS 

D-LEVEL  INSPECTION  PERFORMED  ON  A/C  NO.  aR7  AT  SS87S  H0U»S 

A/C  NO.  a<?7  RETIRED  ERCIM  SERVICE  AT  feOOOO  ELIGMT  HOURS 


b.  Structural  Element:  WSC-SWB-AFT- 0030 
Figure  6 - Continued 


AJRCRAFt  T Vt»£  1 HTRRIO 


I', 


NUMRfR  OF  AJRCRAFT  tN  FLFttt  SOO  AIRCRAFT  8E 1 C F LIFE*  bGGGf(  HOURS 

S 1 BuC  TUBAL  ELEMENT  t wSC-S»B*AF T-OObG 

PREDICTED  AVERAGE  A A 1 1 GuF  LIFE!  bb?«OG  HOURS  ACTUAL  AvE  RAGE  FAttr.iiF  I t F A » NU7H/II  HOURS 

INITIAL  INSPECTION  |NIFRvAl3 

A-LlvEL  PS  HOURS 
H-l A V F L POO  HIIUBS 
c-ifvii  tone  houbs 
ft-LfvFL  12000  HtHIBS 

A/C  NO,  I FNTFR3  SERVICE  ISO  HOUBS  FROM  $TARt  OF  SIMULATION 

(ST  CRACK  IHJUATION  PROJECTED  AT  S7RP2?  FLIGHT  HOuBS 

JN"  CBACH  INITIATION  PROJECTED  AT  (000111?  FLIGHT  HOURS 

(BO  CRACK  INITIATION  PROJECTS"  AT  1IS**M  FLIGHT  HOURS 

SL'lw  CRACK  GROWTH  RATf  1 .0000*0  1NCHES/H0UB 
FAST  CRACK  GROWTH  HATE  » .00(77*  INChFS/hOU» 

D-LEvEL  T NSRE  C T ION  PfHFORMFP  ON  A/C  NO,  | AT  tPOGO  hUUWS 

INSPECTION  tNTF»vAL  INCREASE  IMPLEMENTED 
C-LEVEL  TNTEBvAL  NOw  (?S0  HOURS 

"•LEVEL  INTERVAL  NOW  ISOOO  HOURS 

O-LEvEL  1NSPFCTI0N  RERFORhfO  ON  a/C  NO.  | AT  PuGOO  hours 

INSPECTION  INTERVAL  INCREASE  !uPLFMENTFO 
C-LEVEL  INTERVAL  NOW  (SbS  HOURS 

O-LEVFL  INTERVAL  NOW  I A 7S0  HOURS 

0-LEVFL  INSPECTION  PE  HFORuE  0 0*  A It  MO.  1 AT  JOOOO  HOURS 

INSPECTION  INTERVAL  INCREASE  INPLE  «C**  T E" 

C-LEVEL  INTERVAL  NOw  1 RSS  HOURS 

"•LEVEL  INTERVAL  NOW  PJuJS  HOURS 

INSPECTION  tNTEHVAL  DECREASE  IMPLEMENTED 
C-LEVEL  INTERVAL  NOh  6M  HOURS 

"-LEVEL  tNTERVAL  NOW  *20J  HOURS 

FLEET  wIOE  SPECIAL  INSPECTION  PERFORMED 

"-LEVEL  INSPECTION  PERFORMED  ON  A/C  NO,  I AT  SSPOb  HOUBS 

INSPECTION  INTERVAL  INCREASE  IMPLEMENTED 
C-LEVEL  INTERVAL  NOW  AS«  HOURS 

"-LEVEL  INTERVAL  NOW  |025«  HOURS 

A/C  NO.  1 RETIRE"  FRO*  SERVICE  AT  bOOOG  FLIGHT  HOURS 


INSPECTION  INTERVAL  INCREASE  IMPLEMENTED 
C-LEVEL  INTERVAL  NOw  1068  HOURS 

O-LEVEL  INTERVAL  NOw  (2817  HOURS 

INSPECTION  INTERVAL  INCREASE  IMPLEMENTED 
C-LEVEL  INTERVAL  NOW  MSS  HOURS 

"-LEVEL  INTFRVAL  NOw  tb022  HOURS 

INSPECTION  INTERVAL  INCREASE  IMPLEMENTED 
C-LEVEL  INTERVAL  NOW  (660  HOURS 

"-LEVEL  INTERVAL  NOW  20027  HOURS 


c.  Structural  Element:  WSC-SWB-AFT- 0060 


Figure  6 - Continued 
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aasygaatsawiWfl^ 


noooo  Hmi»i 


,t«C»4EY  »YfNM  MTHWIt) 

. . ...  uncneey  MM'MCr.  \.\*t  t 

M«C1U*»  IN  •'Lint  NOfi 

9YNuCYON4l  M,E44l>Nt,  N|YC»S*K*4f  t *0(l*»O 

0 ICtUM.  4VEN4GF  E 41  YGUE  llEM 

NNEOtCtEO  4VfNAG{  F4TIGHI  llMl  SNJuftO  H(>g«S  " 

I N 1 4 I 4W  |NSP(CYU)N  lNtk«*V4UH 

*.uvti  n nouns 
ki«h  »««  nouns 

C>t(vH  \ 000  NOUNS 
ft.Lf  VtL  (PASO  NQUNS 

,/C  NO.  N fNtfRS  S4NVICI  ISO  NOUNS  HMD*  SUN!  04  S I *UL  4 1 J ON 

«; !^:i!:i::;  ::ss5::! :: :i!K!g 

JiS?  cSic-  XSoSt"  N4.»  . .COINS?  INfHtS/HOuN 

t/c  wu  ,0  EN Y 4 NS  St  Nv  I Cl  M*“  »HO*  SI4N.  04  M-UY.4YI0N 

,■«? :::! : isaiisi. 

,/C  NO.  u fNYfNS  SfNvtO  NSO  NOuNS  »NO«  SYANt  04  SYMUY.4Y  JON 

mwmmtxtm* 

?s««  Molt-  «*»  * : 

v,SY  CN*C*  RNOnYh  N4l(  4 ,00|?Nf  !KfN4S/  U 
,/C  MO.  »,  PNUNS  SMVtCt  400  noons  ENJM  S.4«.  04  SIMULA!  ION 

B iiii:  iSiiiiiis  Si;::s  ii  IliwitiaSi 

i?o*  ri*e»  nioitM  «*»  * •°('oofu  incms/koun 

4,M  P.£  GNOnTn  «»T,  , , 00  Y U7  N JMCNtS/HOUN 


0.UIV4L  IMSNFCttON  NfNfnN-lO  ON  4/C  NO. 

R.LtVtL  INSNtCMON  N4N40NMFO  ON  4/C  NO. 

IMSPFCTION  t N I 4 Nv  4C  INCREASE  l*4»V.YriAf  ME  YY 
C-LEVEL  Y N Y K P V 4L  NO*  Y JSO  MOUNS 
0-V.tU?  L INTERVAL  NO,*  1S000  HOURS 

(I.LCVKL  INSPECTION  PIH40NN40  ON  4/C  NO. 

q.LEVE.L  INSPECTION  PIN40N-40  ON  4/C  NO. 

n-utvFL  inspection  penporneo  on  4/c  m 

0*LfVfL  INSPECTION  PFH4DNM10  ON  4/C  NO, 

tNSPlCrtON  INYtNV4l  1NCHE4SE  1 MPl 4 *4 Mf P 
C*U'VEL  tNT4NV4L  NO*  ISbY  NOUNS 
p.CEVEU  tNTERVAL  NO*  1 H 7 ®> 0 mOURS 

n. level  INSPECTION  PENElYNvfn  ON  4/C  NO. 

0»LENE,L  INSPECTION  PEHEUNMEO  ON  4/C  NO. 

o-lEvel  inspection  peneomneo  ON  4/C  NO. 

0»lEVEL  INSPECTION  PfHEUHVEO  ON  4/C  NO, 

Y NSPE  C Y YON  tNYEBV*L  INCREASE  IMPLE“ENTfP 
C “LEVEL  INTERVAL  NCI*  IRSS  NniJNS 
P-L4NEU  INTERVAL  NO*  7Su\N  hOOHS 


N ,Y 
(0  4 Y 


\?000  NOUNS 
17000  NOUNS 


1 1 

4 Y 

1 7000 

NOUNS 

17 

4 Y 

1 7 0 0 0 

mOuHS 

g 

4Y 

7«»l)0 

NOUNS 

10 

, Y 

7 7 0 0 0 

mPUNS 

! 1 

4 Y 

7 Y 0 0 0 

NOUNS 

17 

41 

77000 

nouns 

« 

4 Y 

$0000 

nouns 

10 

4 Y 

UV7S0 

NOUNS 

d.  Structural  Element:  NSC-SWB-AFT-0090 
Pi wure  6 ■ Continued 
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' TrT\TT\  -w  FJ^V-  TVTI1(11inTV^fTWljiTPI7Trrn 


I 


0 A 1 

I ft  *1 


uwSOft  MUuR8 
StRM  Htuixs 


ft.V.jSK  B{«rOMM»n  OK  A/C  NO.  II  AT  kSJKO  him, MS 

0*1.1  VM,  |N$#ECTt''N  t»MfOH*>0  ON  4/f  WO.  \>  t\  “NTNft  HOURS 

InSRECMON  INtF'RV4L  0ECRE4SI  IMPifvfwUO 
r .iFUFL  |NIFRV4L  NOW  h*“  mOiiHS 
O.LfVU  INT4RV4L  NO  s *?0i  Hl'URS 

,,Ftt  wtllf  SPFM41  INSPECTION  MFW»oHMFO 

0«UKVH.  INSPECTION  PE.«fOR*Et>  ON  4/f  NO. 

O.LFVf,U  ISWCI'IN  PFRK'RwfO  ON  4/C  NO. 

INSPECTION  I N I F R V Ac  I NC  RF  4S4  1 MPt.  ( N(  N ! f 0 
C»LtVKL  t N t 4 M V At,  NO,.  ASM  mUUBS 
0‘UFVft.  |N|4RV4L  NO-s  | OPS“  HOURS 

n.Ltva  1 NS**E  C T I O’,  PERAORMAO  ON  4/f  NO.  u AT  SABS'  MOllBS 

O.LfVIL  INSPECTION  PEREORA'iO  ON  4/C  NO.  I <*  4t  S'BNt  HOURS 

n.lfVFL  INSPECTION  P«REORRE0  ON  4/f  NO.  « 4f  Swlftl  «OU»S 

*/C  NO,  R RFTIBfO  E«0“  SERVICE.  4T  l-AOOO  KIUhI  HOURS 

4/C  NO,  tft  4IIHI0  ARO“  SERVICE  *>  hPPPA  A'LlGHl  HOURS 

4/C  NO,  It  RPHtn  ABO"  SERVICE  41  HflPPO  ALIGHT 

4/C  NO,  |>  RMIBEO  4 Bos-  JFMvICt  4t  KM/Od  « C t tt»»  t HOURS 

INSPECTION  INTERVAL  INCREASE  IBPLEM|NTFO 
C*C4VFC  INTERVAL  NO*  tAW*  HOURS 

0*lfV»l  INTERVAL  NOW  |*MT  MOtlBS 

INSPECTION  INTERVAL  INCREASE  I mPLI'RE  NT  A 0 
e-Ll  VM.  tNTt»V4l.  NOW  I UN  HOURS 
0-lFVEL  INTERVAL  NO*  1*0*?  hOU»S 

INSPfCMON  INTERVAL  INCREASE  lMPC£“fNHO 
C-LEVEL  INTERVAL  NOW  IhPN  HOURS 

(l.LRVfl.  INTERVAL  NOW  ?00?T  HOURS 


{L  INTIKVAL  "IUW  fwuc  "ww-w 

d.  Structural  lilomcnt:  WSC-SWB-AFT- 0090  (Concluded) 


4|»CM4f I HRE I MtHR 1 0 

W„„  04  MBCB4AY  IN  ALFAT,  %0ft  ‘'"CRAM  SERVICE  L1AP, 

STRUCTURAL  llfNfNIt  *SC*SWR«»E t««l/T 

,„„rff0  AVERAGE  R.tIGot  cut.  NOJRCO  HOURS  4C»-,*U  AVERAGE  AATIGHA  I.4M 

INITIAL  INSPECTION  INTERVALS 

A-LAVtL  ?S  HOURS 
t*. LEVEL  Pftft  HOURS 
C-LEvEL  |P00  HOURS 
o-levEl  uono  houws 

INSPECUON  t NT  A'RV  AL  INCREASE  |S-oi.  F “F  NTt  0 
C-LEVEL  INTERVAL  NO*  IPSft  HOURS 
q.LEVFL  INTRBVAt  N'-n  ISftOO  HOURS 

4/C  NO.  i>\  ENTERS  SERVICT  P7JSO  HOURS  ARUR  START  04  SIVUCATIU'- 

1ST  TRACK  INITIATION  PROJECTED  41  UMftS?  PLIGHT  HOURS 

PNO  CRACK  INITIATION  PROJECTED  At  l*i*<>S““  FUGMT  HOURS 

tRO  CRACK  INITIATION  PMOJECTEO  AT  HMSTH  PlIf.HT  HOURS 

SUT*  CRACK  GROWTH  BAIT  » ,00001“  INCHES/HOuR 
FAST  CRACK  GROWTH  R4TF  • .OOIBAT  JM'.WE S/HOU» 

IN3PECTT0N  tNTFRVAL  l-vCHE*SE  IRPLFUENTH) 

C*LEVEL  INTERVAL  NOw  |Sb5  HOURS 
0*LEVEL  INTERVAL  NOW  IPTSO  HOURS 

e.  Structural  Clement:  WSC-SIVB-AFT- 0127 
Figure  6 - Continued 
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hOOOO  HOURS 


RTNppu  HOURS 


m.*  ...  ..  , .....  .v. 


sawaiBBaiasBiiaiBw 


Q-level  inspection  prrrormed  on  a/c  so.  m at  uooo  hour* 

A/C  NO,  HSt,  ENTERS  SRRVKF  tiflbSO  HOURS  FROM  START  OR  SIMULATION 

1ST  CRACK  INITIATION  PROJECTED  AT  RUMOR  UtOHT  HOURS 

?*•«  CRACK  INITIATION  PROJECTED  AT  URiOSu  FLIGHT  HOURS 

ARO  CRACK  INITIATION  PROJECTED  At  lMiJIiRN  FLIGHT  HOURS 

SLO*  CRACK  GWOaTh  rah  « .OOOORS  |NCh|S/HOUR 

EAST  C»ACK  (IROkiTh  RA  tl  • .OOIROT  INCHFS/HOUR 

A/C  NO,  UTJ  ENTERS  SERVICE  «??S0  HOURS  ARUM  START  OR  SIMULATION 

1ST  CRACK  INITIATION  PROJECTED  AT  I ujMJh?  RLIOHT  HOURS 

?NO  CRACK  INITIATION  PROJECTED  AT  jnOUtJ  RLIOHT  HOURS 

JRO  CRACK  INITIATION  PROJECICD  AT  RRRRbTt  RLIOHT  HOURS 

8LO*  CRAC«  (IROhTh  HAtf  • .OOOflbO  INChRS/hOUR 

RAST  C»AC*  OROkTh  RATR  • .OfltllR  INChRS/hOUR 

I NSRR  C M UN  INTAHvAl  INCREASE  1 mRlR  MR  NTR  0 
C -LEVEL  INTRRyAL  NO*  |RSJ  HOURS 
I'-LfVRL  INTERVAL  NO*  ?JU.|H  HOURS 

0-LEVEL  | NSPE  C T t ON  RRSRORMRO  ON  A/C  NO.  USt*  AT  IJOOO  HOURS 

D-UVF'L  INSPECTION  Rf  RRORMR  0 ON  A/C  NO,  u)  f AT  U000  HOURS 

O-LEVFL  INSPECTION  PERFORMED  ON  A/C  NO.  S?\  AT  SO  7 SO  HOURS 

INSPECTION  tNTfRvAi.  DECREASE  tMPL*«RNT{t' 

C -Lf  VEl  INTERVAL  NO*  APR  MOu»S 
O-LRvAL  INTERVAL  NO*  HJOJ  HOURS 

FLEET  KlOf  SPACIAl.  INSPECTION  PfHAORRAO 

INSPRCTION  TNTfHyAL  INCNfASI  1 MPL  f Mf  M f r> 

c-livfl  Interval  no*  a%«  hihirs 
D-LFV»L  interval  no*  1 fi?*jU  HOURS 

O-L  E Vfl  INSPECT  | ON  PERFORMED  ON  A/C  NO,  J«>  i AT  RSOul  HOURS 

D-LF  V t L INSPRCTION  PERFORMED  ON  A/C  NO.  US*  AT  S|7ul  HOURS 

D-LFVEL  INSPECTION  PERFORMED  On  A/C  NO,  u7 ? AT  IOIUI  HOURS 

INSPECTION  INTERVAL  1NCRFA8E  1 mPl  f Mf  N TE  D 
C -LF.VEL  INTERVAL  no*  loos  HOURS 
0-l.EVEL  INTERVAL  no*  l?MT  hours 

0. level  INSPECTION  PERE0RRE.C1  ON  A/C  NO,  |p|  Al  SSPRS  HOURS 

O-LEVFL  INSPECTION  PERFORMED  ON  A/C  NO.  USb  AT  R l RRS  HOURS 

O-UEVEL  INSPECTION  PERFORMED  ON  A/C  NO.  «??  AT  R05RS  HOUR 3 

A/C  NO.  IPS  RETIRED  FROM  SERVICE  AT  *0000  ELIGmT  HOURS 

0-level  inspection  performed  on  a/c  no.  ust>  at  sump  hours 

O-LEVEL  INSPECTION  performed  ON  a/c  no.  tl  If  AT  SJ2I?  HOURS 

A/C  NO,  USh  RETIRED  FROM  SERVICE  AT  *00*0  FLIGHT  HOURS 
A/C  NO.  UT?  RETIRED  FROM  SERVICE  AT  *0000  FLIGHT  HOURS 


e.  Structural  Element:  WSC-SWB-AFT-0127  (Concluded) 
Figure  C - Concluded 
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APPENDIX  A 

DETAILED  PROGRAM  description 

Tn  the  following  detailed  description  of  the  SAIFE  P^°S^am» 

fst 

chart  to  illustrate  the  logic  of  the  event  or  ro 
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1.  PREAMBLE 

The  PREAMBLE  is  the  definition  section  of  a SIMSCRIPT  pro- 
gram. All  global  variables  and  global  arrays  are  defined.  Tem- 
porary entities  are  defined  and  tally  statistics  are  identified. 
Event  notices  and  functions  are  defined  and  an  event  priority 
order  is  set.  The  global  real  variables  are  listed  and  described 
below  in  the  order  in  which  they  appear  in  the  PREAMBLE.  Global 
real  variables  which  are  input  variables  are  not  included  here 
but  can  be  found  in  the  input  section. 

Global  Real  Variables 

FLEET . STR. RED  - This  variable  is  the  sum  of  crack  lengths  found 
in  the  fleet  since  the  last  inspection  frequency  change. 

1AAFL  - This  variable  is  the  actual  average  fatigue  life  of  the 
element  design  determined  in  the  MAIN  program. 

CRRF  - Assigned  a value  in  routine  INITIALIZATION  according  to 
tTfe~element  corrosion  resistance  rating,  this  variable  is  mul- 
tiplied by  the  aircraft  corrosion  growth  rate  to  give  the  element 
corrosion  growth  rate. 

COST. OF. REPAIRS  - This  variable  is  the  sum  of  repair  costs  for 
tTie  "fleet  "since  the  last  modification. 


FI  XI T. COST  - This  variable  is  the  cost  of  repairing  a defect 
'found  at  a particular  inspection  level.  Its  value  is  set  in  the 
inspection  events. 


CHG. FREQ. TIME  - This  variable  is  set  equal  to  TIME.V  whenever  an 
inspection  interval  change  is  scheduled  in  the  event  REPAIR. 


1CRKT  - Each  time  a first  crack  occurs,  this  variable  is  set 
equal  to  the  service  time  on  the  aircraft. 


1C0RT  - Each  time  corrosion  occurs,  this  variable  is  set  equal  to 
the  service  time  on  the  aircraft. 


1SDT  - Each  time  service  damage  occurs,  this  variable  is  set 
equal  to  the  service  time  on  the  aircraft. 


ACRKL,  BCRKL,  CCRKL,  DCRKL,  SCRKL  - Each  time  a crack  is  found 
during  an  A- level,  B- level , C- level , D-level,  or  Special  inspec- 
tion, the  corresponding  variable  is  set  equal  to  the  crack  length. 


ACA,  BCA,  CCA,  DCA,  SCA  - Each  time  corrosion  is  found  during  an 
A-level,  B- level,  C- level,  D-level,  or  Special  inspection,  the 
corresponding  variable  is  set  equal  to  the  corrosion  area. 


AIRFRAME. TIME  - This  variable  is  the  number  of  flight  hours  ac- 
cumulated since  the  last  modification  for  aircraft  no  longer  in 
service . 

G1CRK  - Each  time  a first  crack  occurs,  this  variable  is  set 
equal  to  the  service  time  on  the  aircraft. 

G1C0R  - Each  time  corrosion  occurs,  this  variable  is  set  equal  to 
the  'servi ce  time  on  the  aircraft. 

G1SU  - Each  time  service  damage  occurs,  this  variable  is  set 
equal  to  the  service  time  on  the  aircraft. 

GACRK , GBCRK,  GCCRK , GDCRK , GSCRK  - Each  time  a crack  is  found 
during  an  A- level , B- level , C- level , D-level,  or  Special  inspec- 
tion, the  corresponding  variable  is  set  equal  to  the  crack  length. 

GACA,  GBCA,  GCCA,  GDCA,  GSCA  - Each  time  corrosion  is  found  dur- 
ing an  A-level,  B-level,  C-level,  D-level,  or  Special  inspection, 
the  corresponding  variable  is  set  equal  to  the  corrosion  area. 

CINSL,  DINSL  - Each  time  there  is  an  inspection  interval  change, 
tTiese  variables  are  set  equal  to  the  C-level  and  D-level  inter- 
vals, respectively. 

KSMP  - This  variable  is  set  equal  to  1.0  in  the  A-level,  B-level, 
and- C-level  inspection  events  and  set  equal  to  the  D- level  samp- 
ling percentage  in  t he  D-level  inspection  event. 

The  global  integer  variables  are  listed  next.  Again,  input 
variables  are  not  included  in  this  list. 

Global  Integer  Variables 

IJ)  - In  each  event  and  routine,  this  variable  is  the  identifica- 
tion number  of  the  aircraft  being  processed. 

f DCJK  - This  variable  is  initialized  to  zero  and  incremented  by 
one  each  time  an  aircraft  enters  service. 

I - This  variable  is  used  as  a local  index  or  array  subscript  in 
different  locations  in  the  program. 

COUNT . ELEMENT  - Each  time  new  element  data  is  read  in,  this  var- 
1 ab 1 e ~T s There  me  n ted  by  one. 

NICHG  - This  variable  is  the  number  of  times  that  the  inspection 
intervals  have  changed. 

bHTA  - This  variable  is  the  identification  number  of  t lie  aircraft 
among  the  ten  high-time  aircraft  with  the  fewest  flight  hours. 
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I iNUMiOJMM'iltMi  * Ibis  variable  is  Me  number  of  « i »'v? iv« f t that 
have  Wen  vet  ircd  from  servivo, 

r'( NUMhOh ikHAKH  line  variable  la  the  numher  of  aircraft  which 
have  been  removed  from  *ervue  becuu*e  of  structural  failure, 

ITHNJ*.  5 This  vaviahle  is  the  numeric  identification  of  the  lowest 
Internal  level  of  inspection, 

I \ l .« INHjM'hVJJj'  ■ Thu  vaviahle  is  the  numeric  identification  of 
the  To  weal  external  level  of  inspection, 

Ml. i I4ih  ' fhene  variables  are  the  munerie  Ulent  1 f lent  ions  of  the 
lowest  internal  and  external  levels  of  Inspection.  respectively, 
If  either  of  these  variables  is  less  than  three,  it  is  set  eijual 
to  three, 

TO, ill,  MODI PI, lib  • This  variable  is  the  number  of  aircraft  with  a 
pond  l ng  re  t ro  f i t mod  i f i ca  t i on , 

tU.kN.MOblPMh  - This  variable  is  the  number  of  aircraft  that  have 
lin'd  a current  retrofit  mod  i f teat,  ion  installed, 

l IH-.K  ' Mis  vartahle  is  the  numher  of  aircraft  in  service  when  a 
modification  is  implemented  because  of  a fatigue  test  failure, 

oil'll,  Ot’OH,  OShM,  OIM)  - These  variables  are  the  numher  of  occur* 
rences  oT  first  cracks , corrosion,  service  damage,  and  production 
defects,  respectively,  for  a particular  element, 

i'Si!Rl  iVSilO  - These  variables  are  the  numher  of  cracks  and  corro- 
sion’ ‘defect  s , respectively,  detected  during  a special  inspect  ion 
for  a particular  element, 

NS  Id  This  variable  is  the  number  of  special  inspections  con- 
ducted for  a particular  element. 

NS  Ml)  - This  variable  is  the  number  of  aircraft  modified  in  ser- 
vice for  a particular  element. 

NSJ'b  - This  variable  is  the  number  of  aircraft  experiencing 
structural  failure  for  n particular  elomont. 

NMD  - This  variable  is  the  number  of  structural  modifications 
made  on  a particular  elomont, 

N IMS  - This  variable  is  the  number  of  aircraft  with  the  residual 
strength  for  a particular  elomont  reaching  the  fail-safe  strength. 
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HNIM'M  Mux  variable  U < Hv»  numluM  o i aiman  with  t hi*  roMduttl 
MreiiRth  I'm i'  a |»rtri  iviiliir  elv'tnoni  type  rmivhihjt  the  fail'mifv 
Mmnuth, 

J ’ ihi*  variable  U used  a*  a local  index  or  array  suhseiipi  in 
duierent  locations  in  the  program, 

iiOX  If  I l our  list  o^uon  in  m el  i\h1  , min  var l it  hie  in  the 
tuvemlinn  Menueniul  position  of  Mie  element  heitty  prove  *xed 
iiwtfh#  these  element*  read  in  under  the  Ioiir  lint  option, 

UOJ  UR , UOfT])^  .UdhOM  - These  var iahlo*  are  tin*  number  of  wnip 
reh’eVa  or  first  v'Vhvkn,  corrosion  damage,  and  service  damage, 
respect iv^ ly,  far  a (hi rt iculu r element  typo, 

UpRUR,  ilOSUO  These  variables  are  t ho  number  of  crachs  uiui  cor- 
rosion defee t * , respectively,  detected  during  a special  inspeC' 
lion  Tar  a particular  element  typo, 

tiUPU  • Ibis  variable  in  the  number  at'  occurrences  at’  production 
defects  I’ar  a pn rt  icular  element  typo, 

SNtiJU  - Ibis  variable  in  the  mimin' r at’  special  inspections  eon* 
ducted  far  a part  l ail  nr  element  type, 

SNjMI)  ’ this  variable  In  the  number  at’  structural  modifications 
mink'  an  u particular  element  type, 

SNSMI)  ’ This  variable  In  the  namin' r of  aircraft  modified  in 
service  for  a particular  element  tvpe, 

SNSl-U  - Mils  variable  Is  the  number  of  aircraft  experiencing 
structural  failure  for  a particular  element  type, 

The  real  arrays  aro  listed  next,  ’'nless  otherwise  noted, 
all  arrays  are  1 * d linens  iomil . As  before,  input  arrays  are  not 
included  in  this  list. 

Real  Arr u v_s 

U.  INTURVAl., D.  IMTURVAh  ■ The  elements  of  these  arrays  are  the 

current  CT- 1 o vcT "an d'  D~- level  inspection  intervals  for  each  air- 
craft in  the  fleet. 

A BCD  * This  array  is  of  si 20  four  and  contains  the  most  recent 
Intervals  for  each  of  the  four  levels  of  inspection. 

CKRliP. T ! Mi!  - This  array  is  the  simulation  time  of  the  most  recent 
crncTTYepair  for  each  aircraft. 
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i'muuvmui  « HUH  ttnay  in  the  simulation  time  of  the  must  recent 
cov^a ion  repair  for  each  aircraft, 

>,AHTi  HU  Ihis  array  U the  aimulalion  time  of  the  must  re  went 
occurrencv  ol  ^e  iv  tee  damage  fer  each  it  item  It , 

z array  t u the  s i mu  lilt  ion  time  when  the  most 
relent  modificat  ion  watt  installed  tor  each  aircraft, 

MlfH  5 'Ihese  array*  are  the  alow  and  fast  crack  growth  rates, 
rTsitecTively , for  each  aircraft, 

» These  arrays  contain  each  ,’f  the  inspection  interval 
changes  for  the  tMevel  anti  IMevel,  respectively, 

\RN  - This  array  is  the  raiulom  numher  selected  to  calculate  the 
time  until  structural  failure  for  each  aircraft, 

MHlili  - This  array  is  the  simulation  time  of  the  most  recently 
vie  tec  t evl  defect  at  either  a tMevel  or  U- level  inspection  for 
each  of  the  ton  high’ time  aircraft, 

UORi  " This  array  is  the  corrosion  multiplying  factor  for  each 
aTrerti ft , 

The  following  are  the  integer  arrays,  Again,  unless  other- 
else  noted,  all  arrays  are  1 ’•dimensional  and  input  arrays  uro  not 
Included, 


Integer  Arrays 

A l SR*.  A3  SR*  AjiSR  • These  arrays  contain  the  event  notice  idonti 
TTcatToit  numlVors  for  each  aircraft  for  the  events  1 . STRENGTH , 
REDUCTION,  * . STRENGTH . RliDUCT  1 ON  , and  3 . STRENGTH . lUilHJCTI ON  , re- 
spect ively , 


Al;  - This  array  is  the  event  notice  identification  number  for 
each  aircruft  for  event  FAILURE. 

A I RPLANH  - This  array  is  the  temporary  entity  identification 
n umBer  for  each  aircraft. 


AAL,  ABL,  ACL,  AUL  - These  arrays  are  the  event  notice  identi- 
FnTatlon  numbers  for  each  aircraft  for  the  events  A.  LEVEL.  IN- 
SPUCTI ON , B.  LEVEL.  INSPECTION  , C.  LEVEL . INSPECTION  , and  D. LEVEL. 
INSPECTION , respectively . 

AC , AT 1 1 - These  arrays  are  the  event  notice  identification 
numbers  for  each  aircraft  for  events  COROSION  and  T . INSPECTION . 
INCREASE,  respectively. 
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AUU)  This  array  contains  the  identic  tout  ion  numbers  o(‘  those 
aircraft  experiencing  structural  failure  for  a particular  element, 

OH'.ltj,  ill  tip  ’ These  arrays  are  the  number  of  cracks  ami  coirosion 
defects,  respect  ively.  detected  at  each  of  the  four  levels  of 
Inspection  for  a particular  element, 

SAU1J1  » This  array  contains  the  identification  numbers  of  those 
aircraft  experiencing  structural  failure  for  a particular  element 
type, 

tiOlCR,  GUI  GO  ■ these  arrays  are  the  number  of  cracks  and  corro- 
sTdiriieTecVs , respectively,  detected  at  each  of  the  four  levels 
of  Inspection  for  a particular  element  typo. 

HI . T1M11,  ACRPT  • This  array  contains  the  identification  numbers  of 
t he  ' t cmKT pit  - 1 1 me  a i re  r a f t . 

AIM  l)  ” This  array  contains  the  identification  numbers  of  those 
iiTrc’raft  with  a particular  element  whose  residual  strength  has 
reached  the  fail-safe  strength. 

SAPlJj  * This  array  contains  the  identification  numbers  of  those 
afreraft  with  a particular  element  type  whose  residual  strength 
has  reached  the  fail-safe  strength. 

ST l M ■ This  array  contains  the  flight  hours  on  each  aircraft  when 
the' ’’residual  strength  for  a particular  element  reaches  the  fail- 
safe strength. 

SST1M  - This  array  contains  the  flight  hours  on  each  aircraft 
when  the  residual  strength  for  a particular  element  typo  reaches 
the  fail-safe  strength. 

Fl.TUR  - This  array  contains  the  flight  hours  on  each  aircraft 
when  "structural  failure  occurs  for  a particular  element. 

SFLTHR  - This  array  contains  the  flight  hours  on  each  aircraft 
when  structural  failure  occurs  for  a particular  element  type . 

ARI-'SL  - This  array  is  the  event  notice  identification  number  for 
each  a i rcra ft  for  event  REACH. FAI L. SAFE. 1GT. 

Ajjj,  A2E,  A3E  - These  arrays  are  the  event  notice  identification 

n umb ers for  e ach  aircraft  for  events  l.ITH,  2.ITE,  and  3.ITE, 

respectively. 
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The  global  alpha  arrays  arc  listod  next.  As  before,  input 
urrays  are  not  included  in  this  list. 


Global  Alpha  Arrays 


[.CR, EXISTS,  2 . CR. EXISTS,  3. CR. EXISTS  - The  elements  of  these 
arrays  are  set  equal  F5~’fYIiSTrTor  each  aircraft  whenever  there  is 
a first,  second,  and  third  crack  initiation,  respectively. 


CO.  11 XI STS  - This  array  is  set  equal  to  "YBS"  for  each  aircraft 
wKeifTt  fins  corrosion  initiation. 


SI).  SOU  - This  array  is  set  equal  to  "YBS"  for  each  aircraft  that 
Has  event  IN. SERVICE. DAMAGE  scheduled. 


SSTAN  - This  array  is  the  station  number  which  identifies  each 
a If era  f t experiencing  the  failure  of  a particular  element  type. 

SBLNB  - This  array  is  the  .tation  number  which  identifies  each 
aTrcraft  with  a particular  element  type  whose  residual  strength 
has  readied  the  fail-safe  strength. 

AIL,  FSH  - This  array  is  set  equal  to  "YBS"  for  each  aircraft 
when  vents  REACH. FAIL. SAFE. LGT  and  FAILURE,  respectively,  are 
scheduled. 


I El,  IE2,  IH3  - This  array  is  set  equal  to  "YBS"  for  each  air- 
craft that  has  events  l.ITE,  2.ITB,  and  3.ITB,  respectively, 
scheduled. 


TMOD. PENDING  - This  array  is  set  equal  to  "YES"  for  each  aircraft 
that  has a modification  pending  because  of  a fatigue  test  failure. 

SMOD . PENDING  - This  array  is  set  equal  to  "YES"  for  each  aircraft 
that  has  a modification  pending  because  of  service  experience. 

INSP . SCH  - This  array  is  set  equal  to  "YES"  for  each  aircraft 
that  has  inspections  below  the  overhaul  level  scheduled. 

1 . I NT,  2 . I NT , 5 . I NT  - These  arrays  are  set  equal  to  "YES"  for 
each  ai re r a ft  t ha  t ha  s a first  crack,  second  crack,  or  third 
crack,  respectively,  initiated  internally. 

C . I NT  - This  array  is  set  equal  to  "YES"  for  each  aircraft  that 
has  corrosion  initiated  internally. 

The  temporary  entity  definitions  and  tally  statements  are 
self-explanatory.  The  events,  functions,  and  routines  are  de- 
scribed in  detail  in  the  following  sections. 


39 


1 


i 

\ 

\ 

\\ 

!; 


im iHvtT  '.'i  nrnra 


v.riT'vwni  vr®  ■jjmniH.vjmHui  ,>m 


2.  MAIN 

2 . 1 Description 

In  the  MAIN  program,  space  is  reserved  for  nil  global  ar- 
rays. The  following  operations  are  performed  in  the  order  given: 
all  input  data  is  read  in;  the  actual  average  fatigue  life  of  the 
element,  type  is  calculated;  the  necessity  of  a structural  modifi- 
cation because  of  a fatigue  test  failure  is  determined;  the  first 
event  FiNTBR.SliRVlCB  is  scheduled;  and  the  simulation  is  initiated. 

2.2  Local  Variables 


NFTS  - This  real  variable  is  the  time  in  flight  hours  from 
when  the  second  production  rate  goes  into  effect  to  when  the 
last  aircraft  enters  service. 

SAiVL  - This  real  variable  is  the  earliest  simulation  time  at 
winch  a structural  modification  because  of  a fatigue  test 
failure  is  ready  for  installation. 
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2.3  Flow  Chart 


& <P 


MAIN. 

Reserve  aircraft  arrays. 

Read  aircraft  data. 

Does  LONG.LIST*"YES" ? 

Read  In  elements  and  aircraft  to  be  tracked. 

Reserve  element  arrays. 

Read  element  data. 

Does  ELEMENT ( 1 )="E0D" ? 

Is  this  element  a different  element  type 
than  previous  element? 

Does  L0NG.LI$T="N0"? 
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Call  routine  SUMMARY, 


Call  routine  INITIALIZATION. 

Calculate  actual  average  fatigue  life  of 
element  type. 

Does  fatigue  test  failure  occur  at  less 
than  twice  the  aircraft  service  life? 

Schedule  a structural  modification. 

Is  long  list  option  In  effect? 

Print  long  list  headings. 

Schedule  event  ENTER. SERVICE. 

Start  simulation. 

Does  L0NG.LIST="N0"? 
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Call  routine  DISPLAY. OUTPUT 


Does  LONG.LISTe"NO" ? 


Call  routine  SUMMARY. 


CD  END. 
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3.  INITIALIZATION 

3 . 1 Du script  ion 

This  routine  is  called  immediately  after  reading  each  now 
set  of  element  input  data.  This  routine  changes  the  inspection 
lovel  codes  to  numeric  values,  sets  the  corrosion  growth  multi- 
plying factor  based  on  the  corrosion  resistance  rating,  and 
resets  the  tally  counters.  It  also  initialises  all  the  element 
global  variables  which  are  not  part  of  the  input.  This  routine 
is  culled  from  the  MAIN  program. 

3 . 2 Local  Variables 

There  are  no  local  variables  in  this  routine. 

3 . 3 I’  low  Chart 


Routine  INITIALIZATION. 


Change  inspection  level  codes  to  numeric  values. 


Set  corrosion  growth  multiplying  factor. 


Reset  tally  counters. 


Initialize  global  variables. 


Return. 
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4.  SUM. INITIALIZE 


4 . 1 Description 


in. 


This  routine  is  called  each  time  a new  element  type  is  read 
The  element  type  is  identified  by  the  first  twelve  charac- 
ters of  the  element  identification.  This  routine  initializes  the 
global  variables  and  resets  the  tally  counters.  This  routine  is 
called  from  the  MAIN  program. 


4.2  Local  Variables 


There  are  no  local  variables  in  this  routine. 


4.3  Flow  Chart 


CD 


Routine  SUM. INITIALIZE. 


Initialize  global  variables. 


Reset  tally  counters. 


CD 


Return. 
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5.  REAL,  LI  FI- 

5 . 1 Description 

This  routine  accepts  (1)  the  predicted  average  fatigue  life 
of  a particular  element  design  and  (2)  the  mean  and  standard 
deviation  of  the  log-normal  distribution  of  the  ratio  of  the 
actual  average  fatigue  life  to  the  predicted  average  fatigue 
life.  A random  selection  is  made  from  the  distribution  and 
multiplied  by  the  predicted  average  fatigue  life.  The  resulting 
actual  average  fatigue  life  is  returned  to  the  calling  routine. 
REAL. LIFE  can  be  called  from  the  MAIN  program  and  events  IMPLE- 
MENT. MODIFICATION  and  T. IMPLEMENT. MOD. 

5 . 2 Local  Variab les 

MEAN  - This  real  variable,  whose  value  is  passed  from  the 
calling  routine,  is  the  mean  of  the  ratio  distribution. 

RATIO  - This  real  variable,  determined  to  be  log-normally 
dXstributed,  is  the  ratio  of  the  actual  fatigue  life  of  an 
element  design  to  its  predicted  fatigue  life. 

STD. DEV  - This  real  variable,  whose  value  is  passed  from  the 
calling  routine,  is  the  standard  deviation  of  the  ratio 
distribution. 

PPL  - This  real  variable  is  the  design  predicted  average 
fatigue  life  passed  from  the  calling  routine. 

RFL  - This  real  variable  is  the  element  actual  average 
■fatigue  life  which  is  returned  to  the  calling  routine. 


Routine  REAL. LIFE. 

Randomly  select  RATIO  from  distribution. 
Is  RATIO  within  allowable  limits? 

Set  RATIO  to  limit. 

Calculate  actual  average  fatigue  life. 
Return  with  actual  average  fatigue  life. 
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6.  ENTER. SERVICE 

6 . 1 Description 

This  event  represents  the  entry  into  service  of  a new  air- 
craft. The  temporary  entity  AIRCRAFT  is  created  and  identified 
by  the  variable  AIRPLANE (I D) . The  entity  attributes  TAIL. ID  and 
ENTRY. TIME  are  defined  and  the  AIRPLANE  is  filed  in  the  set 
ACTIVE. FLEET.  The  routine  FATI CUE . LI FE . SCATTER  is  called  to  de- 
termine the  times  to  first,  second,  and  third  crack  initiations. 
The  slow  and  fast  crack  growth  rates  are  calculated.  The  times 
to  corrosion  initiation  and  service  damage  are  calculated.  If 
either  of  these  times  is  less  than  the  service  life  of  the  air- 
craft, the  corresponding  defect  is  scheduled.  If  there  is  a 
production  defect,  the  time  to  first  crack  initiation  is  replaced 
by  a time  drawn  from  a distribution  of  times  to  crack  initiation 
of  aircraft  with  production  defects.  If  the  long  list  option  is 
in  effect  for  each  aircraft  being  tracked,  this  routine  prints 
the  following:  (1)  aircraft  identification  and  time  it  enters 
service,  (2)  times  to  crack  initiations,  and  (3)  slow  and  fast 
crack  growth  rates.  Crack  initiations,  D-level  inspection,  and 
retirement  from  service  are  also  scheduled.  If  t lie  present 
aircraft  is  not  the  last  aircraft  of  the  fleet,  another  ENTER. 
SERVICE  is  scheduled.  This  event  can  only  be  scheduled  in  the 
MAIN  program  and  within  itself. 

6.2  Local  Variables 


DEFECT .LIFE  - This  real  variable  is  the  time  to  first  crack 
Initiation  when  the  aircraft  has  a production  defect. 

HOURS . TO . CORROS I ON  - This  real  variable  is  the  time  to 
corrosion  initiation. 

SECOND. LIFE  - This  real  variable  is  the  time  to  second  crack 
init idt ion . 

STD. SLOW  - This  real  variable  is  the  standard  deviation  of 
the"  distribution  of  slow  crack  growth  rates. 

FIRST.  LIFE  - This  real  variable  is  t lie  time  to  first  crack 
initiation  when  the  aircraft  has  no  production  defect. 

OURS, TO. SERVICE. DAMAGE  - This  real  variable  is  the  time  to 
sorvi cc~  damage  occurrence. 

RN  - This  real  variable  is  a uniformly  distributed  random 
number  between  zero  and  one. 

STD . FAST  - This  real  variable  is  the  standard  deviation  of 
the  distribution  of  fast  crack  growth  rates. 

THIRD. LI FE  - This  real  variable  is  the  time  to  third  crack 
initiation. 
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ft, *s  IMow  Chan 


Event  ENTER  SERVICE, 


Create  an  AIRCRAFT  and  file  In  ACTIVE, FLEET. 

Determine  times  to  first  three  crack  initiations. 


Calculate  slow  and  fast  crack  growth  rates. 


Determine  times  to  corrosion  Initiation  and 
service  damage. 


Is  time  to  corrosion  initiation  less  than  aircraft 
service  life? 


Schedule  a corrosion  initiation. 


Is  time  to  service  damage  less  than  aircraft 
service  life? 


Schedule  a service  damage  occurrence. 


Is  random  number  less  than  probability  of  a 
production  defect? 


Determine  new  time  to  first  crack  initiation. 


■ • ^ . „ 


Is  long  list  option  In  effect? 


kVs 


Print  long  list  output  If  aircraft  Is  one 
being  tracked. 


Is  time  to  first  crack  Initiation  less  than  aircraft 
service  life  or  is  corrosion  initiation  scheduled? 


Schedule  first  crack  initiation. 


Is  time  to  second  crack  initiation  less  than  aircraft 
service  life  or  is  corrosion  initiation  scheduled? 


Schedule  second  crack  initiation. 


Is  time  to  third  crack  initiation  less  than  aircraft 
service  life  or  is  corrosion  initiation  scheduled? 


Schedule  third  crack  initiation. 


Schedule  first  D-level  inspection  and  aircraft 
reti rement. 


Schedule  event  ENTER. SERVICE. 


Return. 
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7. 


FATIGUE. LIFE. SCATTER 


7.1  Description 


This  routine  receives  the  actual  average  fatigue  life  of  the 
element  design  from  the  calling  routine  and  returns  the  times  to 
crack  initiation  of  the  first  three  fatigue  cracks  for  the  ele- 
ment in  a particular  aircraft.  These  times  are  random  selections 
from  a two-parameter  Weibull  distribution.  This  routine  can  be 
called  from  routine  INSTALL. MODIFICATION  and  events  ENTER. SERVICE 
and  REPAIR. 


l.L  Local  Variables 


ALPHA  - This  real  variable  is  the  shape  parameter  of  the 
fat i gue  life  distribution. 


FIRST. LIFE  - This  real  variable  is  the  time  to  first  crack 
initiation.  This  time  is  returned  to  the  calling  routine. 


N - This  integer  variable,  passed  from  the  calling  routine, 
identifies  the  random  number  stream  to  be  used. 


RN  - This  real  variable  is  a uniformly  distributed  random 
number . 


THIRD .LIFE  - This  real  variable  is  the  time  to  third  crack 
initiation.  This  time  is  returned  to  the  calling  routine. 


BETA  - This  real  variable  is  the  scale  parameter  of  the 
FatTgue  life  distribution. 


LIFE  - This  real  array  of  length  three  is  used  to  temporar- 
ily hold  the  times  to  crack  initiation  of  the  three  fatigue 
cracks . 


RFL  - This  real  variable  is  the  element  actual  average 
fatigue  life  passed  from  the  calling  routine. 


SECOND. LIFE  - This  real  variable  is  the  time  to  second  crack 
initiation . This  time  is  returned  to  the  calling  routine. 
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7.3  Flow  Chart 


Routine  FA II GUI. . I Ml-..  .CAl'iLR. 

Draw  uniformly  disir  luted  random  number. 

Calculate  time  to  crack  initiation. 

Times  calculated  for  i>-  racks? 

Return. 


8 . INSTALL, MODIFICATION 

8 . 1 Description 

This  routine  represents  the  installation  of  a structural 
modification  caused  by  a fatigue  test  failure  or  by  aircraft  ser- 
vice experience.  The  modification  is  installed  during  a repair 
or  a D-level  inspection.  All  previously  scheduled  defect  .initia- 
tions are  cancelled,  and  new  times  to  defect  initiations  are  cal- 
culated for  each  aircraft  when  it  is  modified.  This  routine  can 
be  called  from  the  events  REPAIR  and  D. LEVEL. INSPECTION . 

8.2  Local  Variables 


DEFECT. LI FE  - This  real  variable  is  the  time  to  crack 
initiation  drawn  from  a distribution  of  fatigue  lives  of 
elements  having  production  defects. 

HOURS. TO. CORROSION  - This  real  variable  contains  the  value 
returned'  by  routine  PREDICT. CORROSION . 

RST  - This  real  variable  is  the  remaining  service  time  to 
retirement  of  the  aircraft  being  considered. 

STD . FAST  - This  real  variable  is  the  standard  deviation  of 
the  distribution  of  fast  crack  growth  rates. 

THIRD. LIFE  - This  real  variable  is  the  time  to  third  crack 
initiation  returned  by  routine  FATIGUE. LIFE. SCATTER. 

FIRST. LIFE  - This  real  variable  is  the  time  to  first  crack 
initiation  returned  by  routine  FATI GUE . LI FE . SCATTER . 

RN  - This  real  variable  is  drawn  from  a uniform  distribution 
oT  random  numbers  between  0 and  1. 

SECOND. LIFE  - This  real  variable  is  the  time  to  second  crack 
initiation  returned  by  routine  FATI GUE . LI FE . SCATTER . 

STD. SLOW  - This  real  variable  is  the  standard  deviation  of 
the  distribution  of  slow  crack  growth  rates. 
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8.3  Flow  Chart 


C3 


db 


Routine  INSTALL. MODIFICATION. 


Set  C-level  and  D-level  intervals  to  initial  values. 


Cancel  previously  scheduled  inspections. 


Cancel  previously  scheduled  FAILURE. 


Call  routine  FATIGUE. LIFE. SCATTER. 


Cancel  previously  scheduled  defect  initiations. 


Cancel  previously  scheduled  REACH. FAIL. SAFE. LGT. 


Schedule  new  defect  initiations. 


Return. 
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9. 

IN. SERVICE. DAMAGE 

9. 1 

Description 

feet 

This  event  represents  the 
. This  occurrence  results 

occurrence  of  a service  damage  de- 
in the  immediate  initiation  of  the 

next  scheduled  crack.  A new  time  to  service  damage  is  determined. 
If  the  new  time  is  less  than  the  remaining  time  in  service  of  the 
aircraft,  this  event  is  scheduled  once  again.  This  event  can  be 
scheduled  from  within  itself  or  in  event  ENTER. SERVICE. 

9. 2 Local  Variables 

I PS DM  - This  integer  variable  is  the  identification  number 
of  the  aircraft  for  which  the  event  was  scheduled. 

RST  - This  real  variable  is  the  remaining  service  time  to 
retirement  of  the  aircraft  being  considered. 

OURS. TO. SERVICE. DAMAGE  - This  real  variable  is  the  value 
returned  by  routine  PREEDICT. SERVICE. DAMAGE. 
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9.3  Flow  Chart 
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Event  IN. SERVICE. DAMAGE. 

Call  routine  PREEDICT. SERVICE. DAMAGE  . 

Is  time  to  service  damage  less  than  remaining 
service  time  of  aircraft? 

Schedule  event  IN. SERVICE. DAMAGE. 

Is  first  crack  initiation  scheduled? 

Reschedule  first  crack  to  occur  immediately. 

Return. 

Is  second  crack  initiation  scheduled? 

Reschedule  second  crack  to  occur  immediately. 

Return. 

Is  third  crack  initiation  scheduled? 

Reschedule  third  crack  to  occur  immediately. 

Return. 
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10.  T. IMPLEMENT. MOD 


10.1  Description 

This  event  represents  the  development  of  a structural  modi- 
fication because  of  a fatigue  test  failure.  This  event  deter- 
mines the  actual  average  fatigue  life  of  the  modification  and 
schedules  an  increase  in  inspection  frequencies  at  some  percen- 
tage of  the  fatigue  test  life.  This  event  is  scheduled  in  the 
MAIN  program. 

10.2  Local  Variables 


NSIG  - This  real  variable  is  (SIG.R)(.85)  and  is  based  on 
the  "assumption  that  a modification  usually  improves  the 
actual  average  fatigue  life  of  a particular  design. 

NMU  - This  real  variable  is  MU. R+0 . 1 5 ( 1 . 0-MU. R)  and  is  also 
based  on  the  foregoing  assumption  for  NSIG. 


10.3  Flow  Chart 
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Event  T. IMPLEMENT. MOD. 


Set  actual  average  fatigue  life  equal  to  predicted. 


Does  M0D.TESTEDs"N0"? 


Call  routine  REAL. LIFE. 


Is  fatigue  test  life  less  than  aircraft  service  life? 


Indicate  that  aircraft  in  service  require  retrofit. 


Schedule  event  T. INSPECTION. INCREASE. 


Return. 
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11. 


PREEDICT  . SERVICE  . DAMAGE 


11.1  Description 

This  routine  generates  the  time  to  service  damage  occurrence 
for  a given  aircraft  from  a constant  service  damage  occurrence 
rate.  If  the  service  damage  occurrence  rate  is  zero  in  the  in- 
put, the  routine  sets  the  time  to  service  damage  occurrence  as 
twice  that  of  the  aircraft  service  life.  This  routine  can  be 
called  from  events  ENTER. SERVICE  and  IN. SERVICE. DAMAGE. 

11.2  Local  Variables 

OURS. TO. SERVICE. DAMAGE  - This  real  variable  is  the  time  to 
service  damage  occurrence  in  flight  hours.  This  time  is 
returned  by  the  routine. 

RN  - This  real  variable  is  a uniformly  distributed  random 
number  between  0 and  1. 


11.3  Flow  Chart 
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Routine  PREEDICT. SERVICE. DAMAGE . 

Is  service  damage  occurrence  rate  <_  0? 

Set  time  to  service  damage  equal  to  twice  aircraft 
service  life. 

Return. 

Select  uniformly  distributed  random  number. 

Calculate  time  to  service  damage. 

Return. 
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PREDICT. CORROSION 


12. 

12.1  Description 

This  routine  generates  time  to  corrosion  initiation  for  a 
given  aircraft  from  a t ime - dependent  occurrence  rate  approximated 
by  two  constant  rates.  The  first  constant  occurrence  rate,  the 
second  constant  occurrence  rate,  and  the  service  time  on  the  air- 
craft when  the  second  rate  goes  into  effect  are  all  input  vari- 
ables. This  routine  can  be  called  from  the  routine  INSTALL. 
MODIFICATION  and  events  ENTER. SERVICE  and  REPAIR. 

12.2  Local  Variables 

CRCT  - This  real  variable  is  the  remaining  time  in  flight 
hour’s  until  the  second  corrosion  occurrence  rate  goes  into 
effect.  This  variable  can  be  negative  indicating  that  the 
second  rate  is  already  in  effect. 

LD  - This  real  variable  is  used  to  hold  an  intermediate 
value  during  the  calculation  of  time  to  corrosion  initia- 
tion. The  calculation  uses  a combination  of  both  corrosion 
occurrence  rates. 

HOURS . TO . CORROSION  - This  real  variable  is  the  flight  time 
until  corrosion  initiation.  This  time  is  returned  to  the 
calling  routine. 

RN  - This  real  available  is  a uniformly  distributed  random 
number . 
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12.3  Flow  Chart 
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Routine  PREDICT. CORROSION. 

Select  uniformly  distributed  random  number. 

Is  time  on  aircraft  greater  than  time  at  which 
second  occurrence  rate  goes  into  effect? 

Calculate  time  to  corrosion  initiation  using  second  rate. 

Return. 


czb 


czb 


Is  selected  random  number  > random  number  required 
to  yield  corrosion  initiation  at  time  of  occurrence 
rate  change? 


Calculate  time  to  corrosion  initiation  using  first  rate. 


Return. 


Calculate  time  to  corrosion  initiation  using 
combination  of  both  occurrence  rates. 


Return. 


13. 


COROSION 


13.1  Description 

This  event  represents  the  initiation  of  a corrosion  defect. 
The  remaining  time  to  crack  initiation  of  all  scheduled  cracks  is 
reduced  by  a corrosion  damage  factor.  If  either  of  the  events 
FAILURE  or  REACH. FAIL. SAFE. LGT  is  scheduled,  its  remaining  time 
until  occurrence  is  also  reduced  by  the  corrosion  damage  factor. 
This  event  can  be  scheduled  in  the  routine  INSTALL.  MODIFICATION 
and  in  events  ENTER. SERVICE  and  REPAIR. 

13.2  Local  Variables 

CDM. MULTIPLYING. FACTOR  - This  real  variable  is  the  factor 
which  when  multiplied  by  the  remaining  time  to  crack  ini- 
tiation accounts  for  the  shortening  effect  of  corrosion  on 
fatigue  lives. 

NFTM  - If  a FAILURE  has  been  scheduled,  this  real  variable 
Is  the  remaining  time  until  its  occurrence. 

REMAINING. LIFE  - This  real  variable  is  the  remaining  time 
until  a scheduled  crack  initiation. 

T RT  - If  a REACH. FAI L. SAFE . LGT  has  been  scheduled,  this  real 
variable  is  the  remaining  time  until  its  occurrence  multi- 
plied by  the  corrosion  damage  factor. 

I DCO  - This  integer  variable  contains  the  identification 
number  of  the  aircraft  for  which  the  event  CORROSION  was 
scheduled. 

REDUCED. REMAINING. LIFE  - This  real  variable  is  the  REMAINING. 
LIFE  multiplied  by  the  corrosion  damage  factor. 

RST  - This  real  variable  is  the  remaining  service  time  of 
t he  aircraft  under  consideration. 
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13.3  Flow  Chart 


Event  C0R0SI0N  . 


Is  event  REACH. FAIL. SAFE. LGT  scheduled? 


Reduce  remaining  time  to  occurrence  of 
REACH. FAIL-SAFE. LGT  by  corrosion  damage  factor. 


Is  event  FAILURE  scheduled? 


Reduce  remaining  time  to  occurrence  of  FAILURE 
by  corrosion  damage  factor. 


L-»db 


Is  first  crack  initiation  scheduled? 


Reduce  remaining  time  to  first  crack  initiation 
by  corrosion  damage  factor. 


Is  second  crack  initiation  scheduled? 


Reduce  remaining  time  to  second  crack  initiation 
by  corrosion  damage  factor. 


Is  third  crack  initiation  scheduled? 

Reduce  remaining  time  to  third  crack  initiation 
by  corrosion  damage  factor. 

Return. 
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1 4 , RATH 

14.1  Ik*  script  Ion 

This  routine  statistically  generates  element  crack  growth 
rates  which  reflect  variation  in  material  properties  and  load 
environment.  The  growth  rates  are  randomly  drawn  from  a normal 
distribution  which  Is  defined  by  a mean  growth  rate  and  a stan- 
dard deviation  passed  from  the  calling  routine.  If  a random  draw 
yields  a negative  growth  rate,  the  rate  is  set  equal  to  the  mean 
growth  rate  minus  four  standard  deviations.  Thus,  the  user  must 
he  sure  that  the  standard  deviation  is  always  less  than  one- 
fourth  of  the  mean.  This  routine  is  defined  as  a function  in  the 
routine  IMUiAMRl.H  and  is  usod  in  event  UNTHR . SliRVICU  and  routine 
l NSTAl.l.. MODIFICATION. 

14.1  h o c aj  Variables 

llJL  - This  real  variable  is  used  to  hold  intermediate  values 
in  the  calculation  of  the  crack  growth  rate. 

M - This  real  variable  is  the  mean  crack  growth  rate  passed 
from  the  calling  routine. 

RN  ■ This  real  variable  is  a uniformly  distributed  random 
number  between  0 and  1. 

8 - This  real  variable  is  the  crack  growth  rate  standard 
deviation  passed  from  the  calling  routine. 

Z - This  real  variable  is  the  element  crack  growth  rate 
returned  to  the  calling  routine. 

til  - This  real  variable  is  used  to  hold  intermediate  values 
In  the  calculation  of  the  crack  growth  rate. 

N - This  integer  variable,  passed  from  the  calling  routine, 
Identifies  the  random  number  stream  to  be  used. 

RNI_  - This  real  variable,  equal  to  1.0  - RN , is  a uniformly 
dTstributed  random  number  between  0 and  1. 

W - Tins  real  *'  viable  is  used  to  hold  intermediate  values 
In  the  calculation  of  the  crack  growth  rate. 
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14.3  Flow  Chart 
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Routine  RATE 


Select  uniformly  distributed  random  number. 


Calculate  crack  growth  rate. 


Is  calculated  growth  rate  negative? 


Set  growth  rate  equal  to  mean  minus  four  standard  deviations. 


Return. 


64 


15.  1. STRENGTH. REDUCTION 


15.1  Description 


This  event  represents  the  initiation  of  the  first  crack.  I 
the  long  list  option  is  in  effect,  the  aircraft  identification 
number  and  flight  hours  are  printed  for  those  aircraft  being 
tracked.  A uniform  random  number  is  compared  with  the  probabil- 
ity of  internal  cracking  to  determine  whether  this  crack  initi- 
ates internally.  If  it  does  initiate  internally,  the  time  until 
it  becomes  external  is  calculated  and  the  event  l.ITE  is  sched- 


uled. Next,  the  time  to  structural  failure  is  calculated  by 
using  the  three-part  residual  strength  curve  described  in  Vol. 
II.  If  this  time  is  less  than  the  remaining  service  life  of  the 
aircraft,  the  event  FAILURE  is  scheduled.  The  time  until  the 
residual  strength  of  the  element  reaches  the  fail-safe  strength 
is  calculated,  and  event  REACH. FAIL. SAFE. LGT  is  scheduled.  This 
event  can  be  scheduled  in  events  ENTER . SERVICE , INSTALL . MODI  FI - 
CATION,  and  REPAIR. 


15.2  Local  Variables 


ARG  - This  real  variable  is  used  as  an  intermediate  value  in 
Fbe  calculation  of  time  until  structural  failure. 


GR2  - This  real  variable  is  the  fast  crack  growth  rate, 


ID1SR  - This  integer  variable  is  the  aircraft  identification 
number . 


K 1 , K 1 1 , K 1 5 , K4,  K9,  LG  - These  real  variables  are  used  as 

Intermediate  values  in  the  calculation  of  time  until  struc- 
tural failure. 


LIST  - This  real  variable  is  set  equal  to  1.0  when  the  long 
list  option  is  in  effect  and  the  aircraft  being  processed  is 
one  of  those  being  tracked. 


R2  - This  real  variable  is  the  strength  degradation  rate 
when  the  crack  length  is  between  the  critical  crack  length 
and  the  fail-safe  length. 


SF  - This  real  variable  is  the  element  fail-safe  strength. 


SI  - This  real  variable  is  the  element  residual  strength 
wTien  the  crack  is  at  the  critical  crack  length. 


TAR  - This  real  variable  is  the  simulation  time  at  which  the 
aircraft  being  processed  retires  from  service. 


T1  - This  real  variable  is  the  time  in  flight  hours  for  the 
crack  to  grow  from  its  initiation  to  the  critical  crack 
length . 


GR1  - This  real  variable  is  the  element  slow  crack  growth 
rate . 


K10,  K12t  K2,  K8,  LGK5  - These  real  variables  are  used  as 
intermediate  values  in  the  calculation  of  time  until  struc' 
tural  failure. 


R1  - This  real  variable  is  the  strength  degradation  rate 
from  crack  initiation  to  critical  crack  length. 


R3  - This  real  variable  is  the  strength  degradation  rate 
from  fail-safe  strength  to  structural  failure. 


SU  - This  real  variable  is  the  ultimate  strength  of  the 
element . 


T - This  real  variable  is  the  time  in  flight  hours  until  a 
crack  initiated  internally  becomes  external. 


TTF  - This  real  variable  is  the  time  in  flight  hours  until 
element  failure. 


T2  - This  real  variable  is  the  time  in  flight  hours  until 
the  fail-safe  strength  is  reached. 


15.3  FI ok  Chart 


fi 


i 


cp 


CP 


Event  1 . STRENGTH . REDUCTION. 


Is  long  list  option  in  effect? 


Print  ID  number  and  flight  hours  for  aircraft 
being  tracked. 


Does  crack  initiate  internally? 


Set  l.INT  to  "YES". 


Is  time  until 
than  remaining 


crack  becomes  external  less 
service  life  of  aircraft. 


Schedule  event  1 . HE. 


Is  aircraft  presently  inspected  below  overhaul 
1 evel ? 


Call  routine  INSPECTION .SCHEDULER. 
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Calculate  time  until  residual  strength  equals 
fail-safe  strength. 


CD 


Calculate  time  until  structural  failure. 


Is  time  until  fail-safe  strength  less  than 
remaining  service  life  of  aircraft? 


Schedule  event  REACH. FAIL. SAFE. LGT. 


Is  time  until  failure  less  than  remaining 
service  life  of  aircraft? 


Schedule  event  FAILURE. 


Return. 
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16.  2. STRENGTH. REDUCTION 

16.1  Descript  ion 

This  event  represents  the  second  crack  initiation.  If  the 
long  list  option  is  in  effect,  t lie  aircraft  identification  number 
and  flight  hours  are  printed  for  those  aircraft  being  tracked.  A 
uniform  random  number  is  compared  with  the  probability  of  inter- 
nal cracking  to  determine  whether  this  crack  initiates  internally. 
If  it  does  initiate  internally,  the  time  until  it  becomes  external 
is  calculated  and  the  event  2.ITE  is  scheduled.  Next,  the  time 
to  structural  failure  is  calculated  by  using  the  same  three-part 
residual  strength  curve  as  in  event  1 . STRENGTH. REDUCTION . How- 
ever, the  crack  growth  rate  is  now  one  calculated  by  a least - 
squares  fit  of  points  determined  from  the  sum  of  crack  lengths  of 
the  two  cracks.  This  calculation  is  described  in  Vol.  II.  If 
the  time  until  failure  is  less  than  the  remaining  service  life  of 
the  aircraft,  the  event  FAILURE  is  scheduled.  The  time  until  the 
residual  strength  of  the  element  reaches  the  fail-safe  strength 
is  calculated  and  event  REACH. FAIL. SAFE. LGT  is  scheduled.  This 
event  can  be  scheduled  in  events  ENTER . SERVI CE , INSTALL. MODI  FI - 
CATION,  and  REPAIR. 

16.2  Local  Variables 

ARG  - This  real  variable  is  used  as  an  intermediate  value  in 
tire  calculation  of  time  until  element  failure. 

CL  - This  real  variable  is  the  crack  length  when  the  crack 
initiated. 

GR1  - This  real  variable  is  the  slow  crack  growth  rate. 

K10,  K12,  K2,  K8,  LGK5,  N - These  real  variables  are  used  as 
intermediate  values  Th  the  calculation  of  time  until  element 
failure . 

R2  - This  real  variable  is  the  strength  degradation  rate 
when  the  composite  crack  length  is  between  the  critical 
crack  length  and  the  fail-safe  length. 

SF  - This  real  variable  is  the  fail-safe  strength  of  the 
element. 

SU  - This  real  variable  is  the  ultimate  strength  of  the 
element . 

T - This  real  variable  is  the  time  in  flight  hours  until  a 
crack  initiated  internally  becomes  external. 
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TAR  - This  real  variable  is  the  simulation  time  at  which  the 
aircraft  being  processed  retires  from  service. 

TCL  - This  real  variable  is  the  time  it  takes  a single  crack 
to  grow  from  its  initiation  to  the  critical  crack  length. 

T1  - This  real  variable  is  the  time  until  the  first  crack 
reaches  its  critical  crack  length. 

W , WXS , WY , Y - These  real  variables  are  used  as  inter- 
mediate values  in  the  calculation  of  time  until  structural 
failure. 

CCL  - This  real  variable  is  the  critical  crack  length  of  the 
element . 

DL  - This  real  variable  is  the  length  of  the  first  crack  at 
tfhe  time  of  corrosion  initiation. 

CR2  - This  real  variable  is  the  fast  crack  growth  rate  of 
the  element. 

I D2SR  - This  integer  variable  is  the  aircraft  identification 
number. 

1(1,  Kll, , K13,  K4 , K9  , LG  - These  real  variables  are  used  as 
intermediate  values  in  the  calculation  of  time  until  struc- 
tural failure. 

LIST  - This  real  variable  is  set  equal  to  1.0  when  the  long 
list  option  is  in  effect  and  the  aircraft  being  processed  is 
one  of  those  being  tracked. 

R1  - This  real,  variable  is  the  strength  degradation  rate 
Between  the  time  that  a first  crack  initiates  until  the  time 
that  this  crack  reaches  its  critical  length. 

R3  - This  real  variable  is  the  strength  degradation  rate 
"From  fail-safe  strength  until  structural  failure. 

SMW  - This  real  variable  is  used  as  an  intermediate  value  in 
the  calculation  of  time  until  structural  failure. 

SI  - This  real  variable  is  the  element  residual  strength 
wEen  the  first  crack  is  at  the  critical  crack  length. 

TAG  - This  real  variable  is  the  time  of  corrosion  initia- 
tion. 


TA1  - This  real  variable  is  the  time  of  first  crack  initi- 
ation. 

TTF  - This  real  variable  is  the  time  in  flight  hours  until 
structural  failure. 

T2  - This  real  variable  is  the  time  in  flight  hours  from 
when  an  element  has  a residual  strength  until  when  it  has  a 
fail-safe  strength. 

WX,  WXY ? X - These  real  variables  are  used  as  intermedinte 
values  in  the  calculation  of  time  until  structural  fail. ire. 
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16.3  Flow  Chart 


Event  2. STRENGTH. REDUCTION 


Is  long  list  option  in  effect? 


Print  ID  number  and  flight  hours  for  aircraft 
being  tracked. 


Does  crack  initiate  internally? 


Set  2.INT  to  "YES". 


Is  time  until  crack  becomes  external  less  than 
remaining  service  life  of  aircraft? 


Schedule  event  2.ITE. 


Is  aircraft  presently  inspected  below 
overhaul  level? 


Call  routine  INSPECTION. SCHEDULER. 


Calculate  time  until  residual  strength  equal 
fail-safe  strength. 


r<> 


Calculate  time  until  structural  failure. 


Is  time  until  fail-safe  strength  less  than 
remaining  service  life  of  aircraft? 


Schedule  event  REACH. FAIL. SAFE. LGT. 


Is  time  until  failure  less  than  remaining 
service  life  of  aircraft? 


Schedule  event  FAILURE. 


CD 


Return. 


17.  3. STRENGTH. REDUCTION 


17.1  Description 

This  event  represents  the  third  crack  initiation.  If  the 
long  list  option  is  in  effect,  the  aircraft  identification  number 
and  flight  hours  are  printed  for  those  aircraft  being  tracked.  A 
uniform  random  number  is  compared  with  the  probability  of  inter- 
nal cracking  to  determine  whether  this  crack  initiates  inter- 
nally. If  it  does  initiate  internally,  the  time  until  it  becomes 
external  is  calculated  and  the  event  3.ITE  is  scheduled.  Next, 
the  time  to  structural  failure  is  calculated  by  using  the  same 
three-part  residual  strength  curve  as  in  event  1 . STRENGTH . REDUC- 
TION. However,  the  crack  growth  rate  is  now  calculated  by  a 
least- squares  fit  of  points  determined  from  the  sum  of  crack 
lengths  of  the  three  cracks.  This  calculation  is  described  in 
Vol.  II.  If  the  t^me  until  failure  is  less  than  the  remaining 
service  life  of  tin  aircraft,  the  event  FAILURE  is  scheduled. 

The  time  until  the  residual  strength  of  the  element  reaches  the 
fail-safe  strength  is  calculated  and  event  REACH . FAI L . SAFE . LGT  is 
scheduled.  This  event  can  be  scheduled  in  events  LNTER. SERVICE, 
INSTALL. MODIFICATION,  and  REPAIR. 

17.2  Local  Variables 


ARC  - This  real  variable  is  used  as  an  intermediate  value  in 
i. 7.J  calculation  of  time  until  structural  failure. 

CL  - This  real  variable  is  the  crack  length  when  the  crack 
initiated. 

GR1  - This  real  variable  is  the  slow  crack  growth  rate. 

K10,  K12?  K2,  K8,  LGK5,  N - These  real  variables  are  used  as 
III terme diate  values  in  the  calculation  of  time  until  struc- 
tural failure. 

R2  - This  real  variable  is  the  strength  degradation  rate 
when  the  composite  crack  length  is  between  the  critical 
crack  length  and  the  fail-safe  length. 

SF  - This  real  variable  is  the  fail-safe  strength  of  the 
element . 

SU  - This  real  variable  is  the  ultimate  strength  of  the 
element . 

T - This  real  variable  is  the  time  in  flight  hours  until  a 
crack  initiated  internally  becomes  external. 

TAR  - This  real  variable  is  the  simulation  time  at  which  the 
aircraft  being  processed  retires  from  service. 


TA2  - This  real  variable  is  the  time  of  the  second  crack 
Initiation. 

TTF  - This  real  variable  is  the  time  in  flight  hours  until 
structural  failure. 

T2  - This  real  variable  is  the  time  in  flight  hours  from 
when  the  element  has  a residual  strength  until  it  reaches  a 
fail-safe  strength. 

WX,  WXY , X,  Y - These  real  variables  are  used  as  intermedi- 
ate values  in  the  calculation  of  time  until  structural 
failure. 

1CL  - This  real  variable  is  the  crack  length  of  the  first 
crack  at  third  crack  initiation. 

CCL  - This  real  varaible  is  the  critical  crack  length  of  the 
element . 

DL  - This  real  variable  is  the  length  of  the  first  crack  at 
the  time  of  corrosion  initiation. 

GR2  - This  real  variable  is  the  fast  crack  growth  rate  of 
The  element. 

I D3SR  - This  integer  variable  is  the  aircraft  identification 
number. 

Kl,  Kll,  K13,  K4,  K9,  LG  - These  real  variables  are  used  as 
i n t e rmedfa t e values  in  the  calculation  of  time  until  struc- 
tural failure. 

LIST  - This  real  variable  is  set  equal  to  1.0  when  the  long 
lTst  option  is  in  effect  and  the  aircraft  being  processed  is 
one  of  those  being  tracked. 

R1  - This  real  variable  is  the  strength  degradation  rate 
Trom  when  the  first  crack  initiates  until  it  reaches  its 
critical  crack  length. 

R3  - This  real  variable  is  the  strength  degradation  rate 
from  fail-safe  strength  until  structural  failure. 

SMW  - This  real  variable  is  used  as  an  intermediate  value  in 
the  calculation  of  time  until  structural  failure. 

SI  - This  real  variable  is  the  element  residual  strength 
when  the  first  crack  is  at  the  critical  crack  length. 
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TAC  - This  real  variable  is  the  time  of  corrosion  initia- 
tion. 

TA1  - This  real  variable  is  the  time  of  first  crack  initia- 
tion. 

TCL  - This  real  variable  is  the  time  it  takes  a single  crack 
to  grow  from  its  initiation  to  the  critical  crack  length. 

T1  - This  real  variable  is  the  time  until  the  first  crack 
reaches  its  critical  crack  length. 

W , WXS , WY , XK , Y 2 - These  real  variables  are  used  as 
Intermediate  values  in  the  calculation  of  time  until  struc- 
tural failure. 

2CL  - This  real  variable  is  the  length  of  the  second  crack 
at  the  time  of  the  third  crack  initiation. 


i 

i 


1? 


,3  Mow  Chart 

t a i ws-.airatr-.  • «-» 


Event  3, STRENGTH. REDUCTION 


Is  long  list  option  in  effect? 


Print  ID  number  and  flight  hours  for  aircraft 
being  tracked. 


Does  crack  initiate  internally? 


Set  3. I NT  to  "YES". 


Is  time  until  crack  becomes  external  less  than 
remaining  service  life  of  aircraft? 


Schedule  event  3, ITE. 


Is  aircraft  presently  inspected  below  overhaul 
level? 


Call  routine  INSPECTION. SCHEDULER. 
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Calculate  time  until  residual  strength  equals 
fail-safe  strength. 


Calculate  time  until  structural  failure. 


Is  time  until  fail-safe  strength  less  than 
remaining  service  life  of  aircraft? 


Schedule  event  REACH. FAIL. SAFE. LGT. 


Is  time  until  failure  less  than  remaining 
service  life  of  aircraft? 


Schedule  event  FAILURE. 


Return. 


18.  l.ITH 


18.1  Description 

This  event  represents  the  time  when  a first  crack  which 
initiated  internally  becomes  external.  This  time  is  defined  as 
the  time  when  the  element  crack  length  reaches  a percentage  of 
the  critical  crack  length.  This  percentage  is  an  input  param- 
eter. At  this  time  the  appropriate  element  of  the  alpha  array 
l.INT  is  changed  from  "YES"  to  "NO".  If  the  long  list  option  is 
in  effect,  the  aircraft  identification  and  flight  hours  are 
printed  for  those  aircraft  being  tracked.  This  event  is  sche- 
duled in  event  1 . STRENGTH . REDUCTION . 

18.2  Local  Variables 


I DIE  - This  integer  variable  is  the  aircraft  identification 
number. 


18.3  Flow  Chart 


CD  Event  1 . ITE  . 


Set  l.INT  to  "NO". 


Is  long  list  In  effect? 


Print  A/C  ID  and  flight  hours  of  aircraft  being 
tracked. 


Return. 


19.  2.ITE 


19.1  Description 

This  event  represents  the  time  when  a second  crack  winch 
initiated  internally  becomes  external.  This  time  is  defined  as 
the  time  when  the  element  crack  length  reaches  a percentage  of 
the  critical  crack  length.  This  percentage  is  an  input  param- 
eter. At  this  time  the  appropriate  element  of  the  alpha  array 
2.INT  is  changed  from  "YHS"  to  "NO".  If  the  long  list  option  is 
in  effect,  the  aircraft  identification  and  flight  hours  arc 
printed  for  those  aircraft  being  tracked.  This  event  is  sched- 
uled in  event  2 . STRENGTH . REDUCTION . 

19.2  Local  Variables 

1 1)2 Li  - This  integer  variable  is  the  aircraft  identification 
htimFc  r . 

19.3  Flow  Chart 


CD  Event  2.ITE. 


Set  2. INT  to  "NO". 


Is  long  list  in  effect? 


Print  A/C  ID  and  flight  hours  of  aircraft 
being  tracked. 


CD 


Return. 


,'tfi 
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20.  3.  ITU 


2 0.1  Dose  r i pt ion 

This  event  represents  the  time  when  a first  crack  which 
initiated  internally  becomes  external.  This  time  is  defined  as 
the  time  when  the  element  crack  length  reaches  a percentage  of 
the  critical  crack  length.  This  percentage  is  an  input  param- 
eter. At  this  time  the  appropriate  element  of  the  alpha  array 
3.INT  is  changed  from  "YDS"  to  "MO".  If  the  long  list  option  is 
in  effect,  the  aircraft  identification  and  flight  hours  are 
printed  for  those  aircraft  being  tracked.  This  event  is  sche- 
duled in  event  5.  STRUNGTII.  REDUCTION  . 

2 0.2  Lo  cut  1 Variables 

11)31!  - This  integer  variable  is  the  aircraft  identification 
humbe  r . 


20.3  Flow  Chart 


CD  Event  3.ITE. 


Set  3.ITE  to  "NO" . 


Is  long  list  in  effect? 


Print  A/C  ID  and  flight  hours  of  aircraft  being 
tracked. 


CD 


Return. 


21.  INSPECTION. SCHEDULER 


21.1  Description 

This  routine  schedules  all  inspections  below  the  overhaul 
level  on  a given  aircraft.  To  conserve  execution  time,  the 
inspections  are  scheduled  so  that,  the  aircraft  is  not  inspected 
before  the  defect  reaches  its  minimum  detectable  size  at  each 
level  of  inspection.  This  routine  is  called  from  events  1. 
STRENGTH. REDUCTION  and  COROSION. 

2 1.2  Local  Va r iabl e s 

Cl  - This  real  variable  is  the  corrosion  growth  rate  used  to 
calculate  the  time  to  the  minimum  detectable  corrosion  area. 

N - This  integer  variable  indicates  whether  a crack  initia- 
tion or  a corrosion  initiation  caused  this  routine  to  be 
cal  led. 

TML  - This  real  variable  is  the  time  to  the  minimum  detec- 
table defect  sice  calculated  for  each  level  of  inspection. 

Ml  - This  real  variable  is  the  crack  growth  rate  used  to 
calculate  the  time  to  the  minimum  detectable  crack  length. 

S . INSP ■ AT  - This  real  variable  is  the  simulation  time  at 
which*  the  first  inspection  at  each  level  is  scheduled. 


21.3  Flow  Chart 


Routine  INSPECTION. SCHEDULER. 


Is  lowest  external  inspection  level  less  than 
or  equal  to  A-level? 


Calculate  time  to  minimum  detectable  size. 
Schedule  A-level  inspection. 


Is  lowest  external  inspection  level  less  than 
or  equal  to  B-level? 


Calculate  time  to  minimum  detectable  size. 
Schedule  B-level  inspection. 


Is  lowest  external  inspection  level  less  than 
or  equal  to  C-level? 


Calculate  time  to  minimum  detectable  size. 
Schedule  C-level  inspection. 


Return. 
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22.  A. LEVEL. INSPECTION 


22.1  Description 

This  event  represents  the  performance  of  an  A-level  inspec- 
tion. The  constants  which  define  the  probability  of  detection 
equation  at  the  A- level  are  passed  to  the  routine  EXAMINE  which 
handles  the  actual  inspection  calculations  for  all  levels  of  in- 
spection. This  event  can  be  scheduled  in  the  routine  INSPECTION 
SCHEDULER  and  the  events  A. LEVEL. INSPECTION,  B . LEVEL . INSPECTION , 
C. LEVEL. INSPECTION,  and  D. LEVEL. INSPECTION . 

22.2  Local  Variah 1 es 

FOUND  - Not  used  in  this  event,  this  real  variable  is  re- 
turned by  routine  EXAMINE  with  a non-zero  value  whenever  a 
defect  is  found. 

I DA  - This  integer  variable  is  the  identification  number  of 
the  aircraft  being  inspected. 

22.3  Flow  Chart 


CID  Event  A. LEVEL. INSPECTION. 


Call  routine  EXAMINE. 


Schedule  the  event  A. LEVEL. INSPECTION. 


CZD 


Return. 
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23.  B. LEVEL. INSPECTION 


2 3.1  Descript  ion 

This  event  represents  the  performance  of  a B- level  inspec- 
tion. The  constants  which  define  the  probability  of  detection 
equation  at  the  B- level  are  passed  to  the  routine  EXAMINE.  The 
inspection  interval  for  each  inspection  level  is  not  necessarily 
an  even  multiple  of  all  lower  level  intervals.  If  an  A-level 
inspection  is  scheduled,  it  is  cancelled  and  rescheduled  at 
present  time  plus  one  A-level  interval  later.  This  event  can  be 
scheduled  in  the  routine  INSPECTION . SCHEDULER  and  the  events 
B. LEVEL. INSPECTION,  C . LEVEL . INSPECTION  , and  D. LEVEL . INSPECTION . 

23.2  Local  Variables 

FOUND  - Not  used  in  this  event,  this  real  variable  is  re- 
turned by  routine  EXAMINE  with  a non-tero  value  whenever  a 
defect  is  found. 

IDB  - This  integer  variable  is  the  identification  number  of 
the  aircraft  being  inspected. 
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23.3  Flow  Chart 


Event  B. LEVEL. INSPECTION. 


Is  lowest  external  inspection  level  less  than 
or  equal  to  A-level? 


Reschedule  the  A-level  inspection. 


Call  routine  EXAMINE. 


Schedule  the  event  B. LEVEL. INSPECTION. 


Return. 


24.  C. LEVEL. INSPECTION 


24.1  Description 

This  event  represents  the  performance  of  a C-leyel  inspec- 
tion. If  there  is  either  an  A-level  or  a B-level  inspection  cur- 
rently scheduled,  it  is  cancelled  and  rescheduled  at  one  A-level 
interval  or  B-level  interval,  respectively,  later.  The  constants 
which  define  the  probability  of  defect  detection  equation  at  the 
C-level  are  passed  to  the  routine  EXAMINE.  If  a crack  is  de- 
tected and  the  aircraft  is  one  of  the  ten  high-time  aircraft,  the 
time  of  detection  is  stored.  This  event  can  be  scheduled  in  the 
routine  INSPECTION. SCHEDULER  and  the  events  C . LEVEL. INSPECTION 
and  D. LEVEL. INSPECTION. 

24.2  Local  Variables 


FOUND  - This  real  variable  is  returned  by  routine  EXAMINE 
wTtH~a  value  of  one  whenever  a crack  is  detected. 

IDC  - This  integer  variable  is  the  identification  number  of 
the  aircraft  being  inspected. 
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24.3  Flow  Chart 


Event  C. LEVEL. INSPECTION. 

Is  lowest  external  inspection  level  less  than 
or  equal  to  B-level? 

Reschedule  B-level  inspection. 

Is  lowest  external  inspection  level  less  than 
or  equal  to  A-level? 

Reschedule  A-level  inspection. 

Call  routine  EXAMINE. 

Was  crack  detected? 

Is  aircraft  one  of  ten  high-time  aircraft? 

Retain  time  of  detection. 

Schedule  event  C. LEVEL. INSPECTION. 

Return. 
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25.  D. LEVEL. INSPECTION 


25.1  Description 

This  event  represents  the  performance  of  a D-level  inspec- 
tion. If  the  long  list  option  is  in  effect  on  this  element,  the 
identification  number  and  flight  hours  are  printed  for  each 
aircraft  being  tracked.  If  there  are  any  lower  level  inspections 
currently  scheduled,  they  are  cancelled  and  rescheduled  at  one 
inspection  interval  later.  The  constants  which  define  the  proba- 
bility of  defect  detection  equation  at  the  D-level  are  passed  to 
the  routine  EXAMINE.  The  defect  histories  of  the  ten  high-time 
aircraft  are  now  examined.  If  all  of  the  ten  high-time  aircraft 
have  gone  one  D-level  interval  without  any  cracks  detected  at 
either  the  C-level  or  the  D-level,  then  the  C-level  and  D-level 
inspection  intervals  are  increased  by  the  input  factor  F'REQ. 
DECREASE. 

Any  pending  modifications  are  installed  at  this  time.  This 
event  can  be  scheduled  in  the  events  ENTER. SERVI CE  and  D. LEVEL. 
INSPECTION. 

2 5.2  Local  Vari ail  os 

FOUND  - This  real  variable  is  returned  by  routine  EXAMINE 
with  a value  of  one  whenever  a crack  is  detected. 

IDD  - This  integer  variable  is  the  identification  number  of 
thfe  aircraft  being  inspected. 


25.3  Flow  Chart 


CD 


On 


^<y> 


Event  D. LEVEL. INSPECTION. 


Is  long  list  option  in  effect  on  this 
element? 


Is  this  aircraft  being  tracked? 


Print  aircraft  number  and  flight  hours. 

Are  lower  level  inspections  scheduled? 

Reschedule  lower  level  inspections. 

Call  routine  EXAMINE. 

Is  aircraft  one  of  ten  high-time  aircraft? 

Was  crack  detected? 

Retain  time  of  detection. 

Have  all  ten  high-time  aircraft  gone 
one  D-level  interval  without  any  cracks 
detected  at  either  C-level  or  D-level? 


go 


Increase  C-level  and  D-level  inspection  intervals. 


Is  a modification  pending  on  this  aircraft? 


Install  modification. 


Schedule  event  D. LEVEL. INSPECTION. 


CD 


Return. 


26.  Is  XAMINLi 


7? 


26.1  Poser ipt  Lon 

This  routine  performs  the  numerical  comparison  which  deter- 
mines whether  a defect  is  detected  at  each  Uvel  of  inspection. 
The  constants  which  define  the  probability  of  defect  det<  ten 
equation  are  passed  to  this  routine  from  the  event;  white  repre 
sent  the  different  levels  of  inspection.  If  tin-  long  li  t:  option 
is  in  effect,  each  time  a defect  is  detected  on  one  of  the  air- 
craft being  tracked,  the  following  are  printed;  the  size  of  the 
defect,  the  inspection  level,  the  aircraft  identification  number, 
and  the  number  of  flight  hours  on  the  aircraft.  This  routine  cun 
be  called  from  events  A.  LliVEL.  INSPECTION,  B . bbVlil.  I iMSPiiCT  I ON , 

C. LEVEL.  INSPECTION,  and  1).  LEVEL.  INSPECTION. 

26.2  Local  Variables 


AREA  - This  real  variable  is  the  calculated  area  o f the 
corrosion  defect. 

CL  - This  real  variable  is  the  calculated  length  of  the 
fatigue  cracks. 

LIST  - This  real  variable  is  set  equal  to  1.0  if  the  long 
list  option  is  in  effect  and  the  aircraft  being  inspected  is 
one  of  those  being  tracked. 

M2  - This  real  variable  is  the  fast  crack  growth  rate  for 
the  aircraft  being  inspected. 

TAG  - This  real  variable  is  the  simulation  time  of  the 
corrosion  initiation. 

TA2  - This  real  variable  is  the  simulation  time  of  the 
second  crack  initiation. 

XA  - This  real  variable  is  one  of  the  probability  of  detec- 
tion equation  constants  passed  by  the  calling  event. 

YA  - This  real  variable  is  one  of  the  probability  of  detec- 
tion equation  constants  passed  by  the  calling  event. 

Z - This  alpha  variable  is  the  level  of  inspection  being 
performed . 

ZJL  - This  real  variable  is  one  of  the  probability  of  detec- 
tion equation  constants  passed  by  the  calling  event. 

CCL  - This  real  variable  is  the  critical  crack  length  of  the 
element . 
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FOUND  • This  real  variable  is  set  equal  to  two  whenever 
corrosion  is  detected  and  to  one  whenever  a crack  is  de- 
tected. 

Ml  ••  This  real  vairnble  is  the  slow  crack  growth  rate  for 
tTio  aircraft  being  inspected. 

N - This  integer  variable  identifies  the  inspection  level 
and  is  passed  by  the  calling  event. 

TA1  - This  real  variable  is  the  simulation  time  of  the  first 
crack  initiation. 

TA3  - 'Ibis  real  variable  is  the  simulation  time  of  the  third 
crack  initiation. 

XL  - This  real  variable  is  one  of  the  probability  of  detec- 
tion equation  constants  passed  by  the  calling  ovcuit. 

YL  - This  reul  variable  is  one  of  the  probability  of  detec- 
tion equation  constants  passed  by  the  calling  event. 

ZA  * This  real  variable  is  one  of  the  probability  of  detec- 
tion equation  constants  passed  by  the  calling  event. 


WWW 


2^.3  Flow  Chart 


Routine  FAMINE, 


Does  corrosion  exist? 


Is  the  area  Inspected? 


H random  numbar  Hsa  than  probability  of 
detection? 


Set  tally  counters  to  defect  sUe, 
Let  FOUND* 2. 


Does  first  crack  exist? 

Is  the  area  inspected? 

Is  random  number  less  than  probability  of 
detection? 

Set  tally  counters  to  defect  size. 

Let  FOUND" 1. 

Does  second  crack  exist? 
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Is  the  area  inspected? 


Is  random  number  less  than  probability 
of  detection? 


Set  tally  counters  to  defect  size. 
Let  FQUND»1 . 


Does  third  crack  exist? 


Is  the  area  inspected? 


Is  random  number  less  than  probability 
of  detection? 

Set  tally  counters  to  defect  size. 

Let  F0UND=1. 


Was  routine  called  from  D. LEVEL. INSPECTION? 

Return. 

Is  FOUND  greater  than  zero? 

Schedule  event  REPAIR. 

Return. 


I 

$ 

l. 
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2 7 . PODD 


27.1  Description 


This  routine,  defined  as  a function  in  the  PREAMBLE,  com- 
putes the  probability  of  detecting  a crack  or  corrosion  defect  of 
a given  size.  This  probability  is  returned  to  the  calling 
routine.  PODD  is  called  from  routine  EXAMINE  and  event  IMMEDIATE. 
FLEET. INSPECTION. 


27.2  Local  Variables 


L - This  real  variable  is  the  size  of  the  defect  under 
consideration. 

Y - This  real  variable  is  an  empirically  determined  equation 
constant,  for  each  level  of  inspection. 

X - This  real  variable  is  the  maximum  probability  of  detec- 
tion at  a given  inspection  level. 

Z - This  real  variable  is  the  minimum  defect  size  detectable 
at  a given  inspection  level. 


£ 


27.3  Flow  Chart 


Routine  PODD. 

Compute  probability  of  detection. 
Return. 


28.  CANCEL. SCHEDULED. INSPECTIONS 


28.1  Description 

This  routine  cancels  all  scheduled  inspections  below  the 
overhaul  level  on  a given  aircraft.  Whenever  a defect  is  de- 
tected and  repaired,  it  is  assumed  that  all  other  defects  exist- 
ing on  that  particular  element  are  also  repaired.  This  routine 
is  called  at  this  time  to  cancel  all  subsequent  inspections. 

Also,  if  an  element  fails  or  an  aircraft  with  existing  defects  is 
retired,  this  routine  is  called  to  cancel  all  scheduled  inspec- 
tions. This  routine  can  be  called  from  events  FAILURE,  RETIRE. 
FROM. SERVICE,  and  REPAIR. 

28.2  Loca 1 Variables 

There  are  no  local  variables  in  this  routine. 
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28.3  Flow  Chart 


C=) 


rv 


A0> 


CD 


Routine  CANCEL. SCHEDULED. INSPECTIONS  . 


Is  lowest  level  external  inspection  less  than 
or  equal  to  C-level? 


Cancel  the  C-level  inspection. 


Is  lowest  level  external  inspection  less  than 
or  equal  to  B-level? 


Cancel  the  B-level  inspection. 


Is  lowest  level  external  inspection  equal  to 
A-level? 


Cancel  the  A-level  inspection. 


Return. 
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29.  REACH. FAIL. SAFE. LGT 


29.1  Description 

This  event  represents  the  time  when  the  residual  strength  of 
the  element  has  been  reduced  to  the  fail-safe  strength.  The  time 
and  aircraft  identification  number  are  saved  as  part  of  the 
output.  The  calculation  of  the  strength  reduction  is  based  on 
the  sum  of  all  crack  lengths  in  the  element.  This  event  can  be 
scheduled  in  events  1 . STRENGTH . REDUCTION , 2 . STRENGTH . REDUCTION , 
and  3. STRENGTH. REDUCTION. 

29.2  Loc al  Vari _abl e_s 

IDRFS  - This  integer  variable  is  the  identification  number 
oFtlie  aircraft  being  processed. 


29.3  Flow  Chart 


CD  Event  REACH. FAIL. SAFE. LGT. 


Is  long  list  option  in  effect? 


Is  this  aircraft  one  of  those  being  tracked? 


Print  aircraft  number  and  flight  hours. 


Build  output  arrays. 


CD 


Return. 


30.  FAILURE 


30.1  Description 

This  event  represents  structural  failure.  When  this  event 
occurs,  the  aircraft  is  removed  from  the  active  fleet.  If  this 
aircraft  was  one  of  the  ten  high-time  aircraft  being  monitored 
for  the  purpose  of  increasing  inspection  intervals,  it  is  re- 
placed by  the  next  high-time  aircraft  in  active  service.  Any 
remaining  scheduled  events  are  cancelled  and  their  event  notices 
destroyed.  This  event  can  be  scheduled  in  events  1. STRENGTH. 
REDUCTION,  2. STRENGTH. REDUCTION,  and  3 . 31 RENGTH . REDUCTION . 

30.2  Local  Variables 

HOLD  - This  integer  variable  serves  as  an  intermediate 
storage  for  aircraft  identification  numbers  when  replacing 
one  of  the  ten  high-time  aircraft. 

I UFA  - This  integer  variable  is  the  identification  number  of 
Fhe  aircraft  under  consideration. 

30.3  Flow  Chart 


Event  FAILURE. 

Is  aircraft  one  of  ten  high  time  aircraft? 

Replace  with  next  high  time  aircraft  in  active  service? 

Remove  aircraft  from  ACTIVE. FLEET. 

File  aircraft  in  CRASHED. FLEET. 

Cancel  scheduled  events;  destroy  event  notices. 

Return. 
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31.  RETIRE. FROM. SERVICE 


31.1  Description 

This  event  represents  the  retirement  of  an  aircraft  from  ac- 
tive service.  The  aircraft  is  replaced  in  the  ill . TIME. ACRFT  ar- 
ray by  that  active  aircraft  not  in  the  array  which  has  the  high- 
est time  in  service.  The  aircraft  being  retired  is  removed  from 
the  set  ACTIVE. FLEET  and  filed  in  the  set  FLEET. RETIRED.  All 
remaining  scheduled  events  for  this  aircraft  are  cancelled  and 
the  event  notices  destroyed.  This  event  can  only  be  scheduled  in 
the  event  ENTER. SERVICE . 

31.2  Local  Variables 


HOLD  - This  integer  variable  is  used  as  an  intermediate 
storage  to  hold  aircraft  identification  numbers  during  the 
HI . TIME . ACRFT  replacement . 

IDRET  - This  integer  variable  is  the  identification  number 
o?  the  aircraft  being  retired  from  service. 

31.3  Flow  Chart 


cp 


Event  RETIRE. FROM. SERVICE. 


Replace  aircraft  in  HI .TIME. ACRFT  array. 


Remove  aircraft  from  ACTIVE. FLEET,  file  in  FLEET. RETIRED. 


Cancel  any  scheduled  events  and  destroy  event  notices. 


32. 


REPAIR 


52.1  Description 

This  event  represents  the  structural  repair  of  an  element. 

If  there  is  a modification  pending  on  the  element,  it  is  in- 
stalled at  this  time.  If  the  events  FAILURE  and  REACH. FAIL. 
SAFE.LGT  are  scheduled,  they  are  cancelled.  It  is  assumed  that 
all  existing  defects  are  repaired  and  that  new  times  to  defect 
occurrences  are  determined  in  the  same  manner  as  when  the  air- 
craft entered  service.  The  size  and  number  of  all  existing 
cracks  are  compared  with  the  inspection  interval  decrease  cri- 
teria. If  these  criteria  are  met,  then  the  events  which  decrease 
inspection  intervals  and  perform  special  fleet-wide  inspections 
are  scheduled.  All  defects  that  were  scheduled  but  had  not 
occurred  by  this  time  are  not  affected  by  this  event  and  will 
occur  as  originally  scheduled.  This  event  can  be  scheduled  in 
events  D. LEVEL. INSPECTION , EXAMINE,  and  IMMEDIATE . FLEET. INSPEC- 
TION. 

32.2  Local  Variables 

AAFL  - This  real  variable  is  the  actual  average  fatigue  life 
of  the  element  design. 

CL  - This  real  variable  is  the  calculated  fatigue  crack 
length. 

HOURS. TO. CORROSION  - This  real  variable  is  the  time  in 
TTightT~hours  to  corrosion  initiation. 

MAX. CRN  - This  real  variable  is  the  maximum  crack  length  in 
the  element . 

RST  - This  real  variable  is  the  remaining  service  time  of 
the  aircraft. 

STR, RED  - This  real  variable  is  the  element  strength  reduc- 
tion because  of  all  existing  cracks. 

TA1  - This  real  variable  is  the  simulation  time  of  the  first 
crack  initiation. 

TA3  - This  real  variable  is  the  simulation  time  of  the  third 
crack  initiation. 

CCL  - This  real  variable  is  the  element  critical  crack 
length. 

FIRST .LIFE  * This  real  variable  is  the  time  in  flight  hours 
to  first  crack  initiation. 
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IDRUP  - This  integer  variable  is  the  aircraft  identification 
nunuTor. 


POT, (IRK  - This  real  variable  is  the  sum  of  the  maximum  crack 
YengtfK  and  the  length  that  the  crack  will  grow  during  the 
shortest  internal  inspection  interval. 

SliCOND.  LI  PR  - This  real  variable  is  the  time  in  flight  hours 
ToTFe  second  crack  initiation. 

TAG  - This  real  variable  is  the  simulation  time  of  the 
corrosion  initiation. 

TA2  - This  real  variable  is  the  simulation  time  of  the 
socond  crack  initiation. 

THIRD. LI  HU  - This  real  variable  is  the  time  in  flight  hours 
to  WTKTrd  crack  initiation. 


to 
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.3  Flow  Chart 


Event  REPAIR. 

Is  modification  pending  on  this  aircraft? 

Install  modification. 

Return. 

Is  event  FAILURE  scheduled? 

Cancel  event  FAILURE. 

Is  event  REACH. FAIL. SAFE. LGT  scheduled? 

Cancel  event  REACH. FAIL. SAFE. LGT. 

Does  corrosion  exist? 

Set  corrosion  factor  equal  to  1.0.  I 

t 

Determine  new  time  to  corrosion  initiation.  j 

! 

j 
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Is  time  to  corrosion  initiation  less  than 
remaining  service  life  of  aircraft? 

Schedule  corrosion  initiation. 

Does  first  crack  exist? 

Calculate  crack  length. 

Does  second  crack  exist? 

Calculate  crack  length. 

Does  third  crack  exist? 


Calculate  crack  length. 


Is  sum  of  crack  lengths  plus  crack  growth  rate 
times  inspection  interval  greater  than  one-half 
the  fail-safe  crack  length? 


Increase  Inspection  frequency  and  perform  a 
special  fleet  wide  inspection. 


I 

V: 
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Is  sum  of  crack  lengths  found  in  entire 
fleet  greater  than  one-fifth  of  fleet  size 
times  fail-safe  crack  length? 


Increase  inspection  frequency  and  perform 
a special  fleet  wide  inspection. 


Is  there  a modification  pending  somewhere 
in  the  fleet? 


Schedule  event  DECISION. ON. MOD. 


Call  routine  FATIGUE. LIFE. SCATTER. 


Does  second  crack  exist? 


Does  third  crack  exist? 


Let  time  to  first  crack  initiation  be  set 
to  time  to  third  crack  initiation  and  times 
to  second  and  third  crack  initiations  be 
set  to  shortest  times  from  routine 
FATIGUE. LIFE. SCATTER. 
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Let  times  to  all  three  crack  initiations  be 
taken  from  FATIGUE. LIFE. SCATTER. 


Set  time  to  first  crack  to  time  to  second 
crack.  Set  time  to  second  crack  to  time  to 
third  crack.  Set  time  to  third  crack  from 
FATIGUE. LIFE. SCATTER. 


Reschedule  crack  initiations  for  those  cracks 
with  times  to  crack  initiation  less  than  remain- 
ing service  life  of  aircraft. 


Cancel  scheduled  inspections  below  overhaul 
level. 


Return. 
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33,  T, INSPECTION; INCREASE 


33.1  Description 


This  event  represents  an  inspection  frequency  increase  for  a 
particular  aircraft  pending  a structural  modification  because  of 
a fatigue  test  failure.  The  factor  by  which  the  inspection 
frequency  for  both  the  close  internal  and  the  close  external 
inspection  is  increased  depends  on  the  element  being  considered 
and  is  an  input  parameter.  This  event  can  only  be  scheduled  in 
event  T. IMPLEMENT. MOD, 


33.2  Local  Variables 


I DTI  - This  integer  variable  is  the  identification  number  of 
tlie  "aircraft  under  consideration. 


33.3  Flow  Chart 


Event  T. INSPECTION. INCREASE. 


Is  lowest  internal  level  or  lowest  external  level 
of  inspection  equal  to  C-level? 


Increase  C-level  inspection  frequency. 


Is  lowest  internal  level  or  lowest  external  level  of 
inspection  equal  to  D-level? 


Increase  D-level  inspection  frequency. 


Return. 
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34 • INCREASE. INSPECTION. FREQUENCY 

34 . 1 Do  script  ion 

This  event  represents  a fleet-wide  increase  in  the  frequen- 
cies of  the  lowest  level  internal  and  external  inspections. 

These  may  or  may  not  be  the  same  levels.  However,  the  A-level 
and  B-level  frequencies  are  never  changed.  All  scheduled  inspec- 
tions are  cancelled  and  rescheduled  to  reflect  the  frequency  in- 
crease. This  event  can  be  scheduled  in  events  REPAIR  and  IMME- 
DIATE . FLEET. INSPECTION. 

34.2  Local  Variables 

01 FF  - This  real  variable  is  the  difference  in  flight  hours 
between  the  old  and  new  lowest  internal  level  inspection 
intervals. 

34.3  Flow  Chart 
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Event  INCREASE . INSPECTION . FREQUENCY  . 

Increase  lowest  internal  level  frequency. 

Is  lowest  internal  level  equal  to  lowest  external  level? 

Increase  lowest  external  level  frequency. 

Rescheduled  scheduled  inspections  for  each  aircraft. 

Returned. 


109 


35.  IMMEDIATE. FLEET. INSPECTION 


35.1  Description 


This  event  represents  an  immediate  fleet-wide  inspection 
caused  by  finding  a defect  considered  too  hazardous  to  depend  on 
scheduled  inspections  for  detection  of  additional  defects.  Ex- 
isting crack  lengths  and  corrosion  areas  are  calculated  along 
with  the  associated  probabilities  of  detection.  As  in  the  sched 
uled  inspections,  these  probabilities  are  compared  with  a random 
number  to  determine  whether  or  not  the  defect  is  detected.  This 
event  is  always  preceded  by  the  event  INCREASE. INSPECTION. FRE- 
QUENCY. Defects  found  during  this  inspection  can  cause  an  addi- 
tional increase  in  the  frequency  of  normally  scheduled  inspec- 
tions. This  event  can  only  be  scheduled  in  event  REPAIR. 


35.2  Local  Variables 

AREA  - This  real  variable  is  the  area  in  sq.  inches  of  an 
existing  corrosion  defect. 

CL  - This  real  variable  is  the  length  in  inches  of  an  exist- 
ing fatigue  crack. 

Ml  - This  real  variable  is  the  slow  crack  growth  rate  for  a 
particular  aircraft. 


POT. CRK  - This  real  variable  is  the  sum  of  the  maximum  crack 
length  detected  on  a particular  aircraft  plus  the  product  of 
the  average  crack  growth  rate  and  the  current  lowest  inter- 
nal level  inspection  interval. 

SR  - This  real  variable  is  the  sum  of  the  lengths  of  all 
cracks  detected  on  a particular  aircraft. 

TAC  - This  real  variable  is  the  time  of  initiation  of  an 
existing  corrosion  defect. 

TA2  - This  real  variable  is  the  time  of  initiation  of  an 
existing  second  fatigue  crack. 


CCL  - This  real  variable  is  the  critical  crack  length  of  the 
element  under  consideration. 


FOUND  - This  real  variable  serves  as  a switch  which  is  set 
equal  to  two  when  corrosion  is  detected  and  set  equal  to  one 
when  a crack  is  detected. 


MAX. CRK  - This  real  variable  is  the  maximum  crack  length 
detected  on  a particular  aircraft. 
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M2  - This  real  variable  is  the  fast  crack  growth  rate  for  a 
particular  aircraft. 

POT.STR. RED  - This  real  variable  is  the  sum  of  the  detected 
crack  lengths  on  a particular  aircraft  plus  the  product  of 
the  crack  growth  rate  and  the  current  lowest  internal  level 
inspection  interval. 

STR , RED  - This  real  variable  is  equal  to  SR. 

TA1  - This  real  variable  is  the  time  of  initiation  of  an 
existing  first  fatigue  crack. 

TA3  - This  real  variable  is  the  time  of  initiation  of  an 
existing  third  fatigue  crack. 

35.3  Flow  Chart 


Event  IMMEDIATE. FLEET. INSPECTION. 

Does  corrosion  exist? 

Calculate  corrosion  area  and  test  for  detection. 

Do  cracks  exist? 

Calculate  crack  lengths  and  test  for  detection. 

Do  detected  cracks  meet  criteria  for  inspection 
frequency  increase? 

Schedule  event  INCREASE. INSPECTION. FREQUENCY 
to  occur  immediately. 

Return. 


Ill 


36.  DECISION. ON. MOD 

36. 1 Description 

This  event  makes  the  decision  on  whether  or  not  to  develop  a 
structural  modification  because  of  service  experience.  The 
decision  to  develop  a modification  is  made  by  comparing  the  cost 
per  flight  hour  of  the  modification  with  the  repair  cost  per 
flight  hour  plus  the  increased  inspection  cost  per  flight  hour. 
The  modification  cost  per  flight  hour  is  found  by  dividing  the 
total  fleet  modification  cost  by  the  remaining  service  life  of 
the  fleet.  The  repair  cost  per  flight  hour  is  found  by  dividing 
the  total  fleet  repair  costs  since  the  last  modification  by  the 
fleet  flight  time  since  the  last  modification.  The  increased 
inspection  cost  per  flight  hour  is  found  by  dividing  the  pro- 
jected increased  inspection  costs  by  the  remaining  service  life 
of  the  fleet.  A modification  is  justified  when 

MCPH  < RCPii  + I CPU 

where  MCPH  = modification  cost  per  flight  hour 
RCPH  = repair  cost  per  flight  hour 
ICPH  = increased  inspection  cost  per  flight  hour 

This  event  can  be  scheduled  only  in  event  REPAIR. 

36.2  Local  Variables 

ACCUMULATED. HRS  - This  real  variable  is  the  total  fleet  time 
since  the  last” modification. 

MD .COST  - This  real  variable  is  the  cost  of  installing  a 
modification  on  a single  aircraft.  The  costs  for  additional 
modifications  can  differ  from  those  for  the  initial  modi- 
f icat ions . 

NETS  - This  real  variable  is  the  total  production  time  of 
all  aircraft  entering  service  after  the  second  production 
rate  goes  into  affect. 

POST. MOD. HRS  - This  real  variable  is  the  total  fleet  service 
time  remaining  after  the  modification. 

TOOLING  - This  real  variable  is  the  tooling  cost  in  the 
development  of  a modification.  The  costs  for  additional 
modifications  can  differ  from  those  for  the  initial  modi- 
fications. 

ICPH  - This  real  variable  is  the  increased  inspection  cost 
per  flight  hour. 
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MCPH  - This  real  variable  is  the  modification  cost  per 
flight  hour. 

MRFH  - This  real  variable  is  the  service  time  remaining  on  a 
particular  aircraft  after  its  modification. 

NPDL  - This  real  variable  is  the  number  of  aircraft  which 
have  entered  service. 

RCPH  - This  real  variable  is  the  repair  cost  per  flight  hour 
of  the  fleet. 


CD 


Event  DECISION. ON. MOD. 


Accumulate  remaining  service  life  of  active 
fleet. 


Determine  fleet  flight  time  since  last  modificat 


Add  service  life  of  aircraft  not  yet  produced 
to  remaining  service  life  of  active  fleet. 


Calculate  increased  inspection  costs  per 
flight  hour. 


Calculate  modification  cost  per  flight  hour. 


Calculate  repair  cost  per  flight  hour. 


Is  repair  cost  per  hour  plus  Increased  inspec 
tion  cost  per  hour  greater  than  modification 
cost  per  hour? 


Can  modification  be  developed  before  last 
aircraft  in  fleet  retires? 


Schedule  event  IMPLEMENT. MODIFICATION. 


Return. 


I 

I 

37.  IMPLEMENT. MODIFICATION 

37.1  Descript  ion 

This  event  represents  the  development  of  a modification  be- 
cause of  service  experience.  If  the  modification  is  to  be  fa- 
tigue tested,  the  actual  average  fatigue  life  is  set  equal  to  the 
original  predicted  life  of  the  element  design.  Otherwise,  the 
actual  average  fatigue  life  is  determined  by  calling  event 
REAL. LIFE.  Elements  of  the  alpha  array  SMOD. PENDING  are  set 
equal  to  "YES"  to  indicate  which  aircraft  have  service  modifica- 
tions pending.  These  modifications  will  be  installed  at  the  next 
D-level  inspection  or  defect  repair.  Intervals  for  all  levels  of 
inspection  are  set  to  their  initial  values.  This  event  can  be 
scheduled  only  in  event  DECI SION . ON . MOD . 

37.2  Local  Variables 

4 

NSIG  - This  real  variable  is  the  standard  deviation  of  the 
ratio  distribution  passed  to  routine  REAL. LIFE. 

NMU  - This  real  variable  is  the  mean  of  the  ratio  distribu- 
tion passed  to  routine  REAL. LIFE. 


[i 

l 


Trir;. 


37.3  Flow  Chart 


Event  IMPLEMENT. MODIFICATION. 


Set  inspection  intervals  to  initial  values. 


Is  modification  tested? 


Set  actual  average  fatigue  life  equal  to 
predicted  average  fatigue  life. 


Call  routine  REAL. LIFE. 


Set  alpha  array  SMOD. PENDING. 


Return. 
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38 , UjSgLAY, OUTPUT 
38,1  lie  script Ion 

wri-tM^uwfc*  wa«n»  ■ 

This  routine  prints  the  standard  output  for  each  olomont. 

It  is  called  from  the  MAIN  program  immediately  after  the  comple- 
tion of  each  olomont  simulation,  This  output  is  suppressed  if 
the  long  list  option  is  in  effect. 

38.*  Local  Variables 

t«r=*T!*w  n«»  v-rt  «, . i 

All  the  local  variables  are  used  to  temporarily  hold  output 
values, 

38.3  Flow  Chart 


CD  Routine  DISPLAY. OUTPUT. 


Print  output. 


CD 


Return. 


39.  SUMMARY 


1 


39.1  Description 

This  routine  prints  the  standard  output  summary  for  ouch 
element  type.  The  output  of  routine  DISPLAY .OUTPUT  for  all  tho 
elements  in  an  element  type  is  contained  in  this  output  summary. 
This  routine  is  called  from  the  MAIN  program  each  time  a new 
element  type  is  read  in  and  at  the  end  of  the  program  run.  This 
output  is  suppressed  if  the  long  list  option  is  in  effect. 

39.2  Local..  Var  i a hies 

All  the  local  var inbios  are  used  to  temporarily  hold  output 
values. 


39.3  Flow  Chart 


CD  Routine  SUMMARY. 


Print  output. 


( ) 


Return. 
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